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Ultrasonic velocity (u), density (p) and viscosity coefficient (r|) values of 
amino acid / peptide + 2M aqueous KCl / 2M aqueous KNO3 solutions 
(amino acid / peptide: L-histidine/ L-glutamic acid / L-tryptophan / 
glycylglycine) have been measured as a function of amino acid / peptide 
molal concentration at temperatures: 298.15, 303.15, 308.15, 313.15, 318.15 
and 323.15 K. The measured density values exhibit usual increasing trend of 
variation with an increase in amino acid / peptide molal concentration and a 
decreasing trend with an increase in temperature for the systems under 
investigation. The ultrasonic velocity values have been found to be increased 
with an increase in amino acid / peptide molal concentration and temperature 
in all the solutions. The increase in ultrasonic velocity value with an increase 
in amino acid / peptide molal concentration has been attributed to an overall 
increase in cohesion in solution brought about by the solute-solute and 
solute-solvent interactions in solutions. These interactions have been 
discussed in terms of ion-ion, ion-zwitterion, ion-water dipole and 
zwitterion-water dipole electrostatic interactions operative in the solutions. 
It has been assumed that smaller in size but more compact clusters of water 
are formed with an increase in temperature. Using the experimentally 
measured data of u and p, the isentropic compressibility (KS), change in 
isentropic compressibility (AKS), relative change in isentropic 
compressibility (AKS/KQ), specific acoustic impedance (Z) and relative 
association (RA) values have been computed. These parameters have been 
used to examining the solute-solute and solute-solvent interactions in all the 
systems. 
The Ks values have been found to be decreased with an increase in 
molal concentration of amino acid / peptide as well as temperature in all the 
studied systems. The decrease in Kg values with an increase in temperature 
has been attributed to the corresponding decrease of Kreiax (a relaxational part 
of compressibility), which is dominant over the corresponding increase of KOO 
(an instantaneous part of compressibility).The computed AKS and AKS/KQ 
values have been fitted linearly with molal concentration of amino acid / 
peptide. The AKS and (AKS/KQ) exhibit increasing trends of variation with an 
increase in molal concentration of amino acid / peptide in the solutions. 
However, an irregular trend of variation with temperature has been 
observed. The specific acoustic impedance values exhibit an increasing trend 
of variation with an increase in amino acid / peptide molal concentration and 
temperature. These trends of variation have been ascribed to an overall 
reduction in the repulsive forces with an increase in amino acid / peptide 
molal concentration and temperature. The relative association values do not 
show any remarkable change with variations in solute concentration and 
temperature. This has been attributed to the presence of essentially weaker 
interactions in the systems under investigation. 
Density and ultrasonic velocity data also have been employed for the 
calculation of isothermal compressibility values (KT) by using McGowan's; 
and Pandey's and Vyas' relations. It is noteworthy that the values of KT 
obtained from these two relations are quite close to each other in all the 
systems investigated. The trends of variation of KJ values with an increase in 
molal concentration of amino acid / peptide and temperature in 2M aqueous 
KCl and 2M aqueous KNO3 solvent systems are in agreement with the trends 
of variations of isentropic compressibility values. The internal pressure (Pi), 
solubility parameter (6), pseudo-gruneisen parameter (F) values also have 
been computed by using the KJ values obtained from McGowan's relation. 
The computed values of internal pressure and solubility parameter exhibit an 
irregular trend of variation with an increase in solute concentration. The 
increase / decrease in Pi and d values with an increase in solute concentration 
may be due to a corresponding increase / decrease in cohesive forces in all 
the systems under investigation. The pseudo-gruneisen parameter values are 
negative at all molal concentrations of solutions and at all studied 
temperatures. A negative sign is an indication of strong intermolecular 
interactions and a probable formation of intermolecular complex in the 
solution. 
The apparent molal volumes ((j)v) and apparent molal isentropic 
compressibilities ((t)k) of amino acid / peptide: L-histidine, L-glutamic acid, 
L-tryptophan and glycylglycine in 2M aqueous KCl and 2M aqueous KNO3 
solutions have been calculated as a functions of amino acid / peptide molal 
concentration at all temperatures of study by using density and isentropic 
compressibility values. These (j)v and (j)k values have been used to obtain the 
apparent molal volume at infinite dilution which is also known as partial 
molal volume ((() ° ); and apparent molal isentropic compressibility at infinite 
dilution which is also known as partial molal isentropic compressibility 
((j)" ) for amino ecid / peptide in the 2M aqueous KCl and 2M aqueous 
KNO3 solutions at all temperatures of investigation. The observed (|)° values 
for the studied amino acid / peptide in said aqueous electrolytic medium 
have been found to be positive and larger in magnitude than those of 
correspondmg values in aqueous medium. The trend of variation (|)° values 
with variatior in temperature have been discussed in terms of electrostriction 
of water molecule occurring near the end groups of zwitterions. The increase 
in (|)° values with an increase in temperature has been attributed to the 
volume expansion of hydrated zwitterion of amino acid / peptide or a 
reduction in electrostriction. The positive ^ ° values of L-histidine, L-
glutamic acid, L-tryptophan and glycylglycine in 2M aqueous solution of 
KCl and 2M aqueous solution KNO3 at all temperatures indicate the strong 
solute-solvent interactions in solutions. The (|)° values of L-histidine, L-
glutamic acid, L-tryptophan and glycylglycine in 2M aqueous solution of 
KCl and 2M aqueous solution of KNO3 shows an irregular trend of variation 
with an increase in temperature. The ^l values have been found to be 
positive as well as negative in the systems under investigation. The negative 
partial molal isentropic compressibility values indicate that the water 
molecules around the amino acid / peptide molecules are less compressible 
than the water molecule in the bulk solvent. This behaviour has been 
discussed in terms of electrostatic forces operative between zwitterions and 
ions of solutions. The negative and positive magnitudes of Sy and Sk values 
have been explained in terms of weak and strong solute-solute interactions, 
respectively. 
The viscosity values cf L-histidine/ L-glutamic acid / L-tryptophan / 
glycylglycine in 2M aqueous KCl and 2M aqueous KNO3 solutions exhibit 
usual increasing trend with an increase in amino acid / peptide molal 
concentration, and a decreasing trend with an increase in temperature in all 
the systems under investigation. The trends of variation of calculated 
specific viscosity (r|sp) values with an increase in molal concentration of 
solute and temperature are similar to those of the viscosity values. The 
relative viscosity (rjr) data, for all the systems have been fitted to the Jones-
Doles equation in order to evaluate the B-coefficient values. The (dB/dT) 
values have been obtained from the B-coefficient values for all amino acids 
/ peptide in 2M aqueous KCl and 2M aqueous KNO3 solutions. The 
viscosity B-coefficient values and (dB/dT) values for (amino acid / peptide: 
L-histidine/ L-glutamic acid / L-tryptophan / glycylglycine) have been found 
to be positive and negative in sign, respectively. The computed viscosity B-
coefficient values have been compared with literature values, A good 
agreement has been found between the observed and literature values. The 
structure-making and structure-breaking effects of the amino acid / peptide 
on 2M aqueous KCl and 2M aqueous KNO3 solvents have been discussed in 
terms of the positive and negative signs of B-coefficient and (dB/dT) values. 
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Proteins are the ultimate nanotechnology devices. Inside our cells, these 
molecular machines do all sorts of fantastic things and catalyze chemical reactions, 
create the electrical signals in neurons, copy DNA, move vesicles around, transmit 
information and generally get the job done inside our bodies. The three dimensional 
structures of protein provide critical information about the molecules but they do not 
provide any information about the thermodynamic stability of a molecule or the 
energetic of its interactions with other substances [1]. A protein is a complex 
molecule that performs certain functions. The range of protein functions is enormous, 
some have a structural functions, like keratin, other proteins are located in a cell wall 
to facilitate transport of small particles such as ions or water (porins), other proteins 
catalyse reactions (enzymes), still other proteins regulate the function of other 
proteins. Proteins are crucial part of muscles and other systems for converting 
chemical energy into mechanical energy. They are also necessary for sight, hearing 
and other senses. Many proteins are simply structural, providing the filamentous 
architecture within the cells and the materials that are used in hair, nails, tendons and 
bones of animals. Each protein has very different and unique physical properties. 
Gurley et al. [2] have successfiilly extracted proteins from 150 million year 
old fossil bones, indicating that some biomolecules may be stable over a diverce range 
of temperature and pressure conditions for extended periods of time. In addition, 
Haberstroth and Karl [3] have discovered free amino acids within the hydrothermal 
vent habitats of the Guaymas Basin, located in the Gulf of California. Such 
discoveries may also indicate the stability of certain biochemical molecules under 
extreme condition in aqueous environments. Indeed, several authors have postulated 
that life may have originated in oceanic hydrothermal vents [4-6]. Interactions of 
proteins with their surrounding environment play an important role in their 
conformational characteristics. These interactions are mainly those between the solute 
and solvent molecules. Most of these interactions such as hydrogen bonding, 
electrostatic interactions, hydrophobic interactions, etc., are non-covalent. The study 
of these interactions provides an important insight into the conformational stability 
and folding / unfolding behaviour of globular proteins [7]. Because proteins are large 
complex molecules, a direct study of protein-electrolyte interactions is difficult. It is 
therefore useful to investigate the solution behavior of model compounds such as 
amino acids, peptides and their derivatives that constitute part of the protein structures 
[8-11]. 
The nature and the arrangement of the amino acid side chain along the protein 
backbone are responsible for the individual characteristics of the macromolecules, and 
it has been recognized that all of the infomiation pertaining to the proteins is implicit 
in the amino acid sequence. From the chemical point of view, proteins are linear, 
heterogeneous polymers genetically mandated from twenty different building blocks 
or amino acid residues linked by covalent peptide bonds (-CO-NH-) into the 
polypeptide chain. In physiological conditions, the two terminals of amino acids are 
charged both positive charge (amino group, NHs"^ ) and negative charge (carboxyl 
group, COO"), and therefore the molecule has the properties of a "zwitterion". The 
peptide bond is very stable and has unusual conformational properties. The peptide 
bond is rigid and planar that three bonds separate sequential a carbons in a 
polypeptide chain. The peptide C-N bonds are unable to rotate freely because of their 
partial double bond nature. Rotation is permitted about the N-Ca and C-Ca bonds. 
However, other single bonds in the backbone may also be hindered rotationally, 
depending on the size and charge of the R groups. 
All the amino acids (except for proline) have a carboxyl group and an amino 
group. The smallest amino acid, glycine, has a hydrogen atom in place of a side chain. 
All other amino acids have distinctive methyl groups. Because of the alpha carbon, 
the other amino acids have four different constituents. The alpha carbon atom is an 
asynametric center and mostly naturally occurring amino acids are in the L form. The 
non-polar amino acids include: alanine, cysteine, glycine, isoleicine, leucine, 
methionine, phenylalanine, proline, tryptophan, tyrosine and valine. The polar amino 
acids include: arginine, asparagine, aspartic acid (or aspartate), glutamine, glutamic 
acid (or glutamate), histidine, lysine, serine and threonine. Another sub-group of the 
amino acids are those with ionisable side chain. These include: aspartate, glutamate, 
histidine, cystine, lysine, tyrosine and arginine. These amino acids contribute to the 
charge exhibited by peptides and proteins. 
Histidine is an essential amino acid, manufactured in sufficient quantities in 
adults, but children may at some times have storage of this important vitamin. It is 
one of the basic (reference to pH factor) amino acids due to its aromatic nitrogen-
heterocyclic imidazole side chain. Histidine is an amino acid that is used to develop 
and maintain healthy tissue in all parts of the body, particularly the myeline sheath 
that coat nerve cells and ensure the transmission of massage from the brain to various 
parts of the body. It may be useful for treatment of mental disorders. Research 
suggests that histidine also acts as a natural detoxifier, protecting against radiation 
damage and removing heavy metals from the system. It may even help prevent the 
onset of AIDS. Histidine is crucial to the production of both red and white blood cells. 
Histidine is also a precursor of histamine, a compound released by immune system 
cells during an allergic reaction and for the production of gastric juices needed for 
normal digestion. 
Glutamic acid (non-essential), also called glutamate, is an excitatory 
neurotransmitter that increases the firing of neurons in the central nervous system. It 
is a major excitatory neurotransmitter in the brain and spinal cord. It is converted into 
either glutamine or ganuna-aminobutyric acid. Glutamic acid is important in the 
metabolism of sugar and fats, and aids in the transportation of potassium into spinal 
fluid and blood-brain barrier. Although it does not pass the blood-brain barrier as 
readily as glutamine does, it is found at high levels in the blood and may infiltrate the 
brain in small amovmts. The brain can use glutamic acid as fuel. 
Tryptophan is a simple amino acid that is essential as part of the diet. It is one 
of the building blocks that the body needs to help the growth and repair of muscles 
and is also essential in promoting a feeling of well being and alertness. Tryptophan is 
found naturally in many foods including poultry, sunflower seeds, and red meat, as 
well as a number of other foods. Tryptophan is utilized by the body in a number of 
ways. Its main use is as a precursor for production of serotonin, a chemical 
neurotransmitter that the brain uses in order to relax. 
The effect of various neutral salts on the transition temperatures of proteins 
and enzymes have been reported in the literature [12]. The effectiveness of various 
neutral salts towards the destabilizing tendency of proteins has been classified in the 
form of the series known as the Hofmeister series [13]. The peptide group is strongly 
salted-in or stabilized by Nal, NaC104, NaSCN, NaCljCCOO; it is salted-in less 
strongly by KF, LiCl, NaCl, KCl, CsCl, NaBr; whereas (CH3)4NBr and Na2S04 have 
negligible salting-in effects. Harrington and Herskovits [14] in a report on the 
subunits structure and dissociation of Lumbricus terrestris haemoglobin by salts have 
pointed out that various neutral salts including sodium chloride tend to dissociate the 
duodecarmeric structure of haemoglobin into its subunits. Nagy and Jencks [15] have 
pointed out that electrolytes induce dissociation in the protein F-actin without causing 
any conformational change or denaturation. They have suggested that salts interact 
directly with the peptide groups of the protein and bring about its dissociation. 
Thermodynamic studies of aqueous solutions of amino acids, peptides and 
their derivatives containing functional groups similar to those existing in the more 
complex proteins in order to mimic some expected common features of protein and 
assist in understanding of the conformational stability and folding behaviour of 
globular proteins, have been studied by a number of authors [16-20]. The 
conformational transitions of biopolymers are extremely sensitive to subtle changes in 
solvent medium [21-23]. 
Sound waves are made of high pressure and low pressure pulses travelling through a 
medium. The high pressure areas (compression) are where the particles have been 
squeezed together, the low pressure areas (rarefaction) are where the particles have 
been spread apart. Ultrasound is the term applied to mechanical pressure waves with 
frequencies above 20 KHz (beyond the audible range). The ultrasound wave can be 
both emitted and received by a piezoelectric transducer. The piezoelectric transducer 
is able to change electrical signals into mechanical waves, that is, transmitting 
ultrasound (= reverse piezoelectric effect), and vice versa to change mechanical 
pressure (reflected ultrasoimd waves, "echoes") into electrical signals (= direct 
piezoelectric effect). 
Ultrasonic investigation in aqueous solutions of electrolytes and non-
electrolytes with amino acids provide useful information in understanding the 
behaviour of liquid systems, because intra-molecular and inter-molecular association, 
complex formation and related structural changes affect the compressibility of the 
system which in turn, produces corresponding variation in the ultrasonic velocity. 
Ultrasonic velocity data as such provide little information about the nature and 
magnitude of the various interactions [24-43] but its derived thermodynamic 
parameters, namely, isentropic compressibility, change and relative change in 
isentropic compressibility, specific acoustic impedance, relative association provide 
important information about the nature and strength of various solute-solute and 
solute-solvent interactions responsible for the behaviour of aqueous solutions and 
non-aqueous solutions [25,44-53]. Ultrasonic velocity and its derived parameters data 
also have been useful for gaining infonnation on the dynamics of systems [54-56], 
physical nature of the aggregates occurring in the solutions [25,54,55] and structural 
changes of solutes and solvents in solutions [57]. 
The Knowledge of isothermal compressibility and excess compressibility may 
enable one to account for the extent and nature of interaction in mixtures [58-61]. The 
excess compressibility values may further be used to evaluate theoretically the sound 
velocity which describe equilibrium as well as non-equilibrium properties [62]. The 
standard-state partial molar isothermal compressibility is a sensitive measure of 
solute-solvent interactions and, as such, can be used to monitor solute hydration in 
aqueous solution [63,64]. It is not easy to determine isothermal compressibility values 
directly [64]. The precise measurements of ultrasonic velocity and density data have 
been used to calculate the isentropic compressibility values rather than isothermal 
compressibility. However, from the knowledge of coefficient of thermal expansion 
and heat capacity, it is possible to convert isentropic compressibility into the more 
useful thermodynamic quantity that is isothermal compressibility [65,66]. Moreover, 
there is a direct link, through statistical thermodynamics, between the mean square 
volume fluctuations of protein and its isothermal coefficient of compressibility [66]. 
Pandey and Vyas [67] proposed a relation for the calculation of isothermal 
compressibility by combining the Mc-Gowan's relation [68] between isothermal 
compressibility and surface tension, and that of Auerbach's relation [69] between 
speed of sound and surface tension. 
Isothermal compressibilities have been widely evaluated by many workers 
[70-88] using hard sphere model for pure liquids, melts and mixtures. Isothermal 
compressibility and excess isothermal compressibility values have been evaluated for 
organic solvent mixtures by using the Flory's statistical theory. The excess isothermal 
compressibility values have been discussed in terais of intennolecular interactions 
operative between components of mixture [61]. Partial molar isothermal 
compressibilities have been determined for aqueous solutions of amino acids, amino 
acid derivatives, peptides and proteins [65,66,88,89]. Isothermal compressibilities of 
amino acids in aqueous urea and sodium dodecyle sulphate solutions by employing 
the Pandey and Vyas relation [67] have been deteraiined in our laboratory earlier 
[25,49,90], Apparent molar isothermal compressibilities using ultrasonic velocity and 
density data have been determined for aqueous solutions of nucleic bases [90]. The 
isothermal compressibilities for binary liquid mixmres have been determined 
experimentally as well as predicted theoretically by a number of methods and the 
experimental results have been compared with those of predicted values. The theory 
based on an equation of state for a mixture of hard convex particle, where allowance 
can be made for the shape of the molecules has been found to be most appropriate. It 
is observed that the attractive potential has little influence on the predicted 
compressibility values [91]. Recently, the isothermal compressibilities have been 
determined experimentally for the l-ethyl-3-methylimidazolium ethylsulfate and 
methanol system [92]. The isothermal compressibility values have been evaluated for 
the five normal alkane systems using molecular dynamics simulation method [93]. 
The role of internal pressure in liquid solution thermodynamics was 
recognized many years ago by Hildebrand [94] following earlier work by Van Laar 
[95]. The parameter has been used to study the intermolecular interactions 
qualitatively in liquid systems. Barton [96,97] explored the usefulness of the 
parameter for studying the intermolecular forces quantitatively. It has been found that 
a comparison of the internal pressure values of individual liquid components with that 
of mixture enables one to predict interactions in the mixture [98]. Using the density 
and ultrasonic velocity data, the internal pressure values has been computed for pure 
liquids, mixtures of organic solvents, electrolytes in aqueous and mixed aqueous 
media [60,99-104]; and amino acids in aqueous urea, aqueous sodium dodecyl 
sulphate solutions and aqueous electrolyte solutions [25,49,105-108]. The data have 
been discussed in terms of intermolecular / interionic interactions between solute and 
solvent. Palepu and Macdonald [109] determined the internal pressure values for 
sodium and potassium halide in aqueous xylose solution. They discussed the results in 
terms of structure-making and structure-breaking properties of the electrol34es. The 
computed internal pressure values for gallic acid in aqueous methanol and acetone 
solutions have been used to study the solute-solvent interactions [55]. Singh and 
Kumar [110] have used internal pressure and cohesive energy density data for the 
prediction of dielectric constant of the imidazolium-based ILs. The values of 
parameter have been also computed for pure liquids using a statistical mechanical 
equation of state, and a close agreement between the computed and experimental 
values has been reported [111]. Amoros et al. [112] determined the internal pressure 
values for pure liquids and they concluded that the internal pressure and the cohesive 
energy density are both analogous manifestations of the cohesion property of liquids. 
Recently, Dhondge et al. [87] discussed the extent of hydrogen bonding between 
solute and solvent in terms of internal pressure data. 
The solubility parameter is the square root of the cohesive energy density 
value. The parameter has been extensively discussed reviewed by Barton [96,97]. 
Solubility parameter values for pure organic liquids and mixtures [60,102,113,114]; 
and for amino acids in mixed aqueous media [24,49] have been determined by a 
number of workers. The applications of solubility parameters and cohesive energy 
density data in industrial processes have been reported by a number of authors [115-
119]. Solubility parameter has played an important role m designing of 
pharmaceutical dosage of drug. Solubility parameter data has also well correlation 
with the permeability of drugs into body [120,121]. The successful application and 
performance of a polymer material mainly requires the study of phase behaviour of it 
in various solvent systems. Solubility parameter has been quite helpful for 
understanding about the phase behaviour of polymeric systems containing many 
constituents, like those used in the paint industry [118]. Solubility parameter has been 
found to be a very useful tool for assessing the selection of proper compounding 
ingredients [122] and solvents [123-125] for polymeric substances and paints. 
The pseudo-gruneisen parameter, a dimensionless constant, is governed by the 
molecular order and lattice behaviour of substances. A number of authors have 
evaluate the parameter for solids, pure liquids, liquid mixtares and aqueous systems 
[25,49,126-137]. Martinez et al. [136] computed the parameter value for carbonate 
ions in water and in ice VII at different temperatures by employing the Raman 
spectroscopy and appropriate equation of state. It has been observed that the pseudo-
gruneisen parameter of carbonate ion symmetric stretching mode is significantly 
smaller in liquid water than in crystalline carbonates. Lopes et al. [129] discussed the 
relationship between the bulk pseudo-gruneisen parameter of liquids and the 
individual's mode parameters, characterizing the volume dependence of hindered 
translational and rotational frequencies of the molecules in liquid phase, in terms of a 
cell model in the quasi-harmonic approximation. 
The volumetric characteristics of a substance viz., the partial molar volume 
have proven to be reflective of and sensitive to solute-solvent interactions [139-150]. 
Hence, volumetric properties represent useful observable for studying the hydration 
properties of proteins. In recognition of this fact, several laboratories have 
investigated the volumetric properties of proteins in aqueous solutions and have 
proposed different approaches for interpreting these macroscopic data in terms of 
protein hydration [151-159]. Such interpretations are not straightforward and always 
model-dependent. Despite the difficulties in interpreting the volumetric data for 
systems as complex as proteins, experiments of this type have begun to provide 
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important data against which a number of models of protein hydration are evaluated 
[160,161]. The microscopic interpretation of the measured volumetric properties in 
terms of protein hydration is usually performed in conjugation with structural data on 
the surface atomic groups [151,153,158]. Unfortunately, such structural data are not 
always available, especially for the denatured states of proteins, which include molten 
globule and unfolded states. Consequently, the microscopic interpretation of the 
volumetric properties of denatured protein states remains highly speculative and 
subjective m nature [154-157,159]. This limitation is serious and prevents data from 
being used with confidence for analysis of hydration features of proteins as a function 
of their conformational states. One of the main procedures for interpreting the 
physico-chemical properties of protein solution is the comparative analysis of model 
compounds, which contain the atomic group specific for proteins. Thus, the partial 
molar volumes of protein have been compared with the volumes of amino acids and 
peptides using a simple additive scheme [162,163,164]. Volumetric studies on amino 
acids and peptides in aqueous electrolyte solutions reflect the combined effect of 
various hydrophilic and hydrophobic interactions in these systems. Amino acids and 
peptides are dipolar ions, albeit to varying degree in aqueous solutions [165-167] and 
values of their apparent molal volumes reflect the electrostriction that occurs due to 
their interaction with water. 
The partial molar compressibility of the solute is sensitive to the nature and 
extent of the intermolecular interactions between the solute and solvent and, as such, 
can be used to characterize the hydration of globular proteins in aqueous solutions 
[64,168,169]. Since the extent of protein hydration changes during the course of 
protein unfolding from the native state, through compact intermediate states or 
partially unfolded state to the fully unfolded state, compressibility measurements 
provide usefiil means to characterize protein transitions [160,169-172]. The 
compressibility of a protein can be considered, at least to a first approximation, to 
comprise of two terms. One intrinsic compressibility of the protein, which is 
essentially due to intra-chain interactions and the packing of the protein chain, while 
the other term is due to the hydration of the various amino acids, functional groups 
that are exposed to the solvent [169, 173]. 
Viscosity has been found to be a measure of the resistance of a fluid to flow. 
The increase in viscosity due to the presence of particles arises from the fact that they 
lie across the fluid streamlines and are subject to torsional forces. They tend to rotate 
and then absorb energy. This energy absorption leads to an increased viscosity of the 
solution [174]. It has been observed that viscous forces appear only when adjacent 
parts of a fluid are moving with different viscosities. It is well known that a study of 
the perturbation on the viscous flow of a solvent by an added solute yield valuable 
and significant information on solute-solvent interactions. Viscometric studies are 
important for studying transport properties of pure and mixed solutions. 
The viscosity and its derived parameters such as relative viscosity, specific 
viscosity and intrinsic viscosity have been used to study the shape and size of 
macromolecules and the solute-solvent interactions in solutions [7,10,41,57,175-201]. 
The specific viscosity data are also used to calculate the hydrodynamic volume of 
solute. The specific viscosity is dependent on solute concentration whereas the 
intrinsic viscosity is independent of solute concentration and chacteristic of the solute 
alone [202]. The solute-solvent interactions and the extent of solute hydration can 
also be studied in terms of B-coefficient of Jones-Dole equation [203]. The B-
coefficient is a measure of effective solvodynamic volume of solvated ions and is 
governed by size and shape effects of solute, and the structural effects induced by the 
solute-solvent interactions [22,176-179,188-194,204-223]. The effect of solute size on 
the B-coefficient is apparent from solvodynamic theories. A 'structure-building' 
solute lowers the average effective kinetic energy of the solvent molecules and thus 
increases the viscosity of the solution, and leads to a high B-coefficient values. 
Because of the exponenfial relationship between viscosity and temperature [224], a 
rise in temperature of the solution as a whole cause B-coefficient to fall. Such 
behaviour has been used to identify 'structure making' solutes [225]. Conversely, 
'structure breaking' solutes have rather low B-coefficients, which increase with an 
increase in temperature [225,226]. 
In the case of electrolytes, the B-coefficient is a measure of the order or 
disorder introduced by ions into their co-spheres [227]. A positive B-coefficient 
indicates that the ions tend to order the solvent structure and increase the viscosity of 
the solutions, whereas a negative B-coefficient indicates disordering and a decrease 
of viscosity. The partitioning of the B-coefficient into their ionic components was 
first proposed by Cox and Woefenden [228] and it was examined by Gumey [229] 
and Kaminsky [230]. Martin and Tsangaris [226] studied the structure-making / -
breaking effect of dipolar molecules such as sarcosine, hydroxyproline, proline, 
aminocaproic acid, glutathione, sulfamic acid, taurine, glycine, betaine, serine, 
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glycylglycine, and triglycine on water in terms of B-coefficient and its temperature 
derivative, dB/dT, values. They found that the magnitude of dB/dT values are more 
important than the B-coefficient values for explaining the structure-making / -
breaking effect of dipolar molecules on water. 
An exhaustive literature survey reveals that a number of thermodynamic 
properties of amino acids and peptides have been studied in aqueous medium but 
some researchers [7,20,21,23,176-178,205-211,231-242] have attempted to 
investigate the behaviour of these model compounds of proteins in aqueous 
electrolyte solutions. Consequently, with a view to understanding the thermodynamic 
behaviour of amino acid and peptide: L-histidine, L-glutamic acid, L-tryptophan and 
glycylglycine in 2 M aqueous KCl and 2 M aqueous KNO3 solutions, the density (p), 
ultrasonic velocity (u) and viscosity (r|) values as a function of amino acid / peptide 
concentration and temperature: 298.15, 303.15, 308.15, 313.15, 318.15, 323.15 K 
have been measured. Using the experimentally measured data, the isentropic 
compressibility (KJ), change (AKS) and relative change (AKJ/KO) in isentropic 
compressibility, specific acoustic impedance (Z), relative association (RA), 
isothermal compressibility (KJ), internal pressure (Pi), solubility parameter (5), 
pseudo-gruneisen parameter (F), apparent molal volume ((j)v), partial molal volume 
(<t)° ), apparent molal isentropic compressibility (^k), partial molal isentropic 
compressibility (<^l ), relative viscosity (rir), specific viscosity (risp) and B-coefficient 
values have been evaluated. The experimental and computed values of these 
parameters have been discussed in tenns of solute-solute and solute-solvent 
interactions. It is expected that this study will be helpful in understanding the 
thermodynamic behaviour of proteins in their native as well as in denatured state. 
EXPERIMENTAL 
MATERIALS AND SAMPLE PREPARATION 
The amino acids / peptide: L-histidine, L-glutamic acid, L-tryptophan and 
glycylglycine; and the salts: potassium chloride and potassium nitrate of high purity 
(>99%), used in the present studies, were purchased from SRL (India) and E. Merck 
(India), respectively. The amino acids and peptide were recyrstalysed twice in 
(ethanol + water) mixtures, dried at 383.15 K and kept in vaccum desiccator over 
P2O5 for at least 72 h before use. The salts were recyrstalysed twice in triply distilled 
water, dried at 423.15 K for at least 3 h and then kept over P2O5 in a vaccum 
desiccator at room temperature for a minimum of 48 h prior to their use. Stock 
solutions of 2 M aqueous KCl and 2 M aqueous KNO3 were prepared in triply 
distilled water and were used as solvents for the preparation of amino acids / pepide 
solutions. Water used in the experiments was deionized and was degassed prior to 
making solutions. The degree of degassing was sufficiently high to prevent formation 
of bubbles in the measuring cell for ultrasonic velocity. The specific conductivity of 
triply distilled water used was less than 18-10'^  i2''-cm''. All the solutions were made 
by weight on the molality concentration scale within an accuracy of ± 1 x 10 molkg" 
'. All the solutions were stored in special airtight bottles to avoid the exposure of 
solutions to air and evaporation. 
TEMPERATURE CONTROL 
A thermostated paraffin bath was used to maintain the desired temperature in 
the measurements of density and viscosity. The bath was made up of an immersion 
heater (1.5 KW), a stirrer, a check thermometer (Germany), a contact thermometer 
and a relay [Jumo type, NT 15.0, 220 V = lOA (Gennany)]. Thermal stability of the 
thermostat was found to be within ± 0.01°. 
DENSITY MEASUREMENT 
Pyknometer consisting of a small bulb with flat bottom of approximately 3.5 
ml capacity and a graduated stem was used for the density measurements. The volume 
at each mark of the pyknometer was calibrated with triple distilled water. The 
densities of pure water at various required temperatures were taken from literature for 
calibration purpose [243]. The pyknometer was tested with the toluene. The densities 
of toluene at various required temperatures were taken from the literature for testing 
purpose [244]. In order to check the reproducibility of calibration, the same process 
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was repeated a number of times with different amounts of toluene. The reproducibility 
of density values was found to be within ±0.0001 gm-cm"^ . All mass quantities were 
corrected for buoyancy. The test solution was introduced into the calibrated 
pyknometer, weighed and then it was immersed in the thermostated paraffin bath. The 
bath used for measurements of density values was maintained at a desired temperature 
(±0.01°) for about 30 min prior to recording of readings at each temperamre of study. 
By recording the volume changes as a function of temperature, the densities of 
solutions were determined at required temperatures. Several very close readings of 
density calculated at each temperature were averaged. 
VISCOSITY MEASUREMENT 
Canon-Fenske viscometer was used for the viscosity measurement of various 
solutions xmder study. The viscometer consists of three parallel arms with a common 
base. The viscometer was calibrated with the triple distilled water. The viscosity 
coefficient values of water at different temperatures were taken from literature for 
calibration purpose [245]. The clean and dry viscometer was filled with test solution 
and was clamped in the thermostated bath in a vertical position. The bath used for 
measurements of viscosity values was maintained at a desired temperature (±0.01°) 
for about 30 min prior to recording of readings at each temperature of study. In order 
to avoid the absorption of moisture by solution, the open ends of the three arms of 
viscometer were fitted with the anhydrous calcium chloride glass tubes through 
rubber tubes. The solution was sucked into the measuring bulb and was allowed to 
stand there for about two minutes by closing the calcium chloride tubes with rubber 
corks and then the corks were removed for recoding the time of fall of solution from 
the upper to lower end of the bulb. After taking several readings at the desired 
temperature the average of the very close values of time of fall was taken. 
The viscosity coefficient is defined as the following Poiseuille's equation, 
r| = jtgh ptrVSvI (1) 
where g, h, p, r, 1 and t are acceleration due to gravity, height of the column in the 
viscometer, density of the liquid, radius of the viscometer's capillary, length and time 
of fall for the liquid of volume v through the capillary, respectively. The above 
equation can also be written as 
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Ti = pPt (2) 
where P = 7ighr'*/8vl is constant for the given viscometer. The viscosity value of the 
test solution was calculated using the reported viscosity values of pure water at 
various temperatures. Equation (3) was employed for the calculation of viscosity of 
solutions. 
ni=(piti/p2t2)xri2 (3) 
where r\i, pi and ti are the viscosity coefficient, density and time of fall of the 
solution, respectively, whereas the TI2, pi and tj are the viscosity coefficient, density 
and time of fall of the solvent at the given temperatures respectively. The 
reproducibility in viscosity measurements was found to be within ± 0.003x10"^ Nm" 
ULTRASONIC VELOCITY MEASUREMENT 
An ultrasonic interferometer (Mittal's model: M-77) was used for the 
measurement of ultrasound velocity at a frequency of 4 MHz in the temperature 
range: 298.15 to 323.15 K. Water firom ultra-thermostat (Type U-10) was circulated 
through the brass jacket surrounding the cell and the quartz crystal. The jacket was 
well insulated and the temperature of the solution under study was maintained to an 
accuracy of ±0.01°. The water bath used for measurements of ultrasonic velocity 
values was maintained at a desired temperature (±0.01°) for about 30 min prior to 
recording of readings at each temperature of study. The instrument was calibrated 
with the triple distilled water. The ultrasonic velocity values of water at different 
temperatures were taken from literature [246] for calibration purpose. 
WORKING PRINCIPLE 
An ultrasonic interferometer is a simple and direct device to determine the 
ultrasonic velocity in liquids with a high degree of accuracy. The principle used in the 
measurement of velocity (u) is based on the accurate determination of the wavelength 
(A.) in the medium. Ultrasonic waves of known frequency (f) are produced by a quartz 
plate fixed at the bottom of the cell. A movable metallic plate kept parallel to the 
quartz plate reflects these waves. If the separation between these two plates is exactly 
a whole multiple of the ultrasound wavelength, standing waves are formed in the 
medium. This acoustic resonance gives rise to an electrical reaction on the generator 
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driving the quartz plate and the anode current of the generator becomes maximum.If 
the distance is now increased or decreased and the variation is exactly one half 
wavelength {XI2) or multiple of it, anode current again becomes maximum. The 
velocity can be obtained by using the relation, 
u = X X f (4) 
DESCRIPTION 
The ultrasonic interferometer consists of two parts (i) the high frequency 
generator and (ii) the measuring cell. The "high frequency generator" is designed to 
excite the quartz plate fixed at the bottom of the measuring cell and its resonant 
frequency to generate ultrasonic waves in the liquid filled in the "measuring cell". A 
micrometer to observe the change in current and two controls for the purpose of 
sensitivity regulation and initial adjustments of micrometer are provided on the panel 
of the high frequency generator. The "measuring cell" is a specially designed double 
walled cell for maintaining a constant temperature of the liquid during experiment. A 
fine micrometer screw has been provided at the top, which can lower or raise the 
reflector plate in the liquid in the cell through a known distance. It has quartz plate 
fixed at its bottom. Instrument was adjusted in the following manner: 
1. The cell was inserted in the square base socket and clamped to it with the help 
of a screw provided on one of its sides. 
2. The curled cap of the cell was unscrewed and removed from the double walled 
construction of the cell. In the middle portion of it the experimental liquid was 
poured and screwed the curled cap. 
3. Water was circulated through the two chutes in the double wall construction in 
order to maintain the desired temperature. 
4. The cell was connected with the high frequency generator by a co-axial cable 
provided with the instrument. 
For the initial adjustment, two knobs are provided on high frequency generator, 
one is marked with 'Adj' and the other with 'Gain'. With knob marked 'Adj' the 
position of needle on the ammeter was adjusted and the knob marked 'Gain' was used 
to increase the sensitivity of the instrument for greater deflection. The ammeter was 
used to record the maximum deflections by adjusting the micrometer. 
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MEASUREMENTS 
The measuring cell was connected to the output terminal of the high frequency 
generator through a shielded cable. The cell was filled with the liquid before 
switching on the generator. The ultrasonic waves of 4 MHz frequency produced by a 
gold plated quartz crystal fixed at the bottom of a cell are passed through the medium. 
A movable plate reflects the waves and the standing waves are formed in the liquid in 
between the reflector plate and the quartz crystal. Acoustic resonance due to these 
standing waves gives rise to an electrical reaction to the generator driving the quartz 
plate and the anode current of the generator becomes maximum. The micrometer 
screw was raised slowly to record the maximum anode current. The wavelength was 
determined with the help of a total distance moved by the micrometer for twenty 
maximum readings of the anode current. The total distance (d) gives the value of 
wavelength with the help of the relation, d = n x X/2, where n is the maximum number 
of readings. Using the wavelength, the ultrasound velocity in the liquid was obtained 
with the help of Equation (4). The reproducibility in velocity measurement was within 
± 0.2 ms-'. 
PRECAUTIONS 
1. The generator was switched on after filling the cell by the experimental liquid. 
2. The experimental liquid was removed from the cell after use. 
3. The micrometer was kept open at 25 mm after use. 
4. The sudden rise or fall in the temperature of circulated liquid was avoided to 
prevent thermal shock to the quartz crystal. 
5. While cleaning the cell, care was taken not to spoil or scratch the gold plating 
on the quartz crystal. 
6. The generator was given 15 minutes warming up time before observation. 
CHAPTER-I 
Ultrasonic Velocity and Interactions in L-histidine-/L-
glutamic acid-/L-tryptophan-/ Glycylglycine - Aqueous 
KCl/KNO3 Systems 
INTRODUCTION 
Ultrasonic method fined extensive applications owing to their ability of 
characterizing the physico-chemical behaviour of liquid systems from velocity data 
[247]. A number of researchers have employed the ultrasonic technique to evaluate 
the thermodynamic properties of amino acids [21,57,185,212,233,248,249], peptides 
[21,183,156,212,250,251] and proteins [156,186,252,25'3] in aqueous medium, 
aqueous urea solutions, organic solvents and mixed aqueous solutions in order to 
study zwitterions-ions and zwitterions-water dipoles interactions in solutions. 
The ultrasonic velocity data and its derived thermodynamic parameters such as 
isentropic compressibility, change in isentropic compressibility, relative change in 
isentropic compressibility, specific acoustic impedance and relative association 
provide fioiitful qualitative and quantitative information regarding the nature and 
strength of interactions in solutions [34-36]. 
The variation of ultrasonic velocity values with variations in solute 
concentration and temperature depends upon the nature of interactions between solute 
and solvent. All pure liquids except water and heavy water are found to have negative 
temperature coefficients of ultrasonic velocity. Randall [254] found that water has 
large positive coefficient of ultrasonic velocity at room temperature. The velocity of 
sound in a liquid usually refers to longitudinal type of wave mode. The rate of 
propagation depends upon the type of wave, the elastic properties of medium, the 
density of the medium and the frequency. The propagation velocity of ultrasound 
wave in normal liquids decreases with an increase in temperature but in water the 
velocity attains a maximum value of 1557 ms"' at 74°C and above this temperature the 
ultrasonic velocity diminishes [255]. This abnormal property of water may be 
attributed to its peculiar liquid structure. On addition of salt in water, the velocity of 
solution increases or decreases with an increase in temperature depending upon its 
ionic concentration and the type of ion-water dipole interactions. The isentropic 
compressibility of water attains maximum value at 64°C. This behaviour of water is 
also apparently due to its peculiar structure [255]. 
The interaction studies of bio-molecules in the presence of metal ions can 
provide the further insight and application in the field of research through ultrasonic 
velocity data [256]. Nandi and Robinson [257] studied the salting-in / salting-out 
effect of several salts on biological macromolecule and concluded that the salts 
interact directly with the peptide group. Salt-inducted electrostatic forces are known 
17 
to play a vital role in modifying the protein structure by affecting properties like, 
solubility, denaturation and activity of enzymes [258-260]. The trends of variation of 
ultrasonic velocity with solute concentrations and temperature depends on the 
equilibrium properties of amino acids/ peptides in aqueous electrolytic solutions. 
Their equilibrium properties in solutions are determined by the relative magnitude of 
electrostriction caused by the polar terminal groups, the structure enforcing influence 
of the hydrophobic alkyl groups and the extent of interaction between ions and 
hydrophilic groups within the solutions. 
In this study, the ultrasonic velocity and density values of L-histidine / L-
glutamic acid / L-tryptophan / glycylglycine + 2 M aqueous KCl / 2 M aqueous KNO3 
solutions as functions of amino acid / peptide concentration and temperature: 298.15, 
303.15, 308.15, 313.15, 318.15, 323.15 K have been measured experimentally. Using 
u and p data, the isentropic compressibility, change in isentropic compressibility, 
relative change in isentropic compressibility, acoustic impedance and relative 
association values have been evaluated with a view to investigating the zwitterions-
ions zwitterions-water dipoles, ions-water dipoles and ions-ions interaction operative 
in the systems. 
RESULTS AND DISCUSSION 
The experimentally measured density values of amino acid / peptide: L-
histidine, L-glutamic acid, L-tryptophan and glycylglycine in 2 M aqueous KCl and 2 
M aqueous KNO3 solutions as functions of molal concentration of amino acid / 
peptide and temperature have been listed in Table 1.1. A close scrutiny of the table 
reveals that the density values of all the solutions under investigation shows the usual 
increasing trend with an increase in solute concentration and a decreasing trend with 
an increase in temperature. The plots of density versus solute concentration are shown 
in Figs 1.1-1.8. All the systems seem to exhibit almost linear behaviour in their 
variation with amino acid / peptide concentration as well as with temperature. The 
measured densities of solutions have been least-squares fitted to the following linear 
equations, 
p/g-cm'^ =po+pim (1.1) 
TABLE 1.1 Density values (pxlO'^/ kg-m"'') as functions of amino acid / peptide 
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(iii) L- glutamic acid in 2 M aqueous KCI solution 
0.0000 1.0877 1.0857 1.0836 1.0813 1.0788 1.0761 
0.0092 1.0879 1.0859 1.0837 1.0815 1.0790 1.0765 
0.0184 1.0881 1.0861 1.0840 1.0817 1.0793 1.0767 
0.0277 1.0884 1.0865 1.0844 1.0822 1.0797 1.0771 


























































































































































































































































































































0.00 0.03 0.06 0.09 0.12 0.15 0.18 0.21 0.24 
m / molkg 
Fig 1.1 Plot of density versus molal concentration of L- histidine in 2 M 






0.00 0.03 0.06 0.09 0.12 0.15 0.18 0.21 0.24 
m / mol-kg"' 
Plot of density versus molal concentration of L- histidine in 2 M 




0.00 0.01 0.02 0.03 0.04 0.05 0.06 
m / mol-kg"' 
Fig 1.3 Plot of density versus molal concentration of L- glutamic acid in 2 M 

























0.00 0.01 0.02 0.03 
m / mol-kg"' 
0.04 0.05 
Fig 1.4 Plot of density versus molal concentration of L- glutamic acid in 2 M 






0.000 0.006 0.012 0.018 0.024 0.030 0.036 
-1 
m / molkg" 
Plot of density versus molal concentration of L- tryptophan in 2 M 
aqueous KCl solution. 
CL 1.108-
1.100-
0.000 0.006 0.012 0.018 0.024 0.030 0.036 
m / molkg"' 
Fig 1.6 Plot of density versus molal concentration of L- tryptophan in 2 M 








0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 
m / mol-kg"' 
Plot of density versus molal concentration of Glycylglycine in 2 M 
aqueous KCl solution. 
1.135 
• 298.15 K 
• 303.15 K 
1.130-1 A 308.15K 
• 313.15K 
• 318.15K 





T • 1 ' 1 « 1 ' 1 1 1 1 1 1 1 1 
0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0. 
m/ molkg"^ 
Plot of density versus molal concentration of Glycylglycine in 2 M 
aqueous KNO3 solution. 
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p/g-cm-^ =Po + P 1 T (1.2) 
where p^, Pi,Po, pj; m and T are the fitted coefficients, molal concentration of 
solution and temperature, respectively. The least-squares fitted coefficients of the 
above linear equations alongwith the standard deviations are listed in Tables 1.2 and 
1.3, respectively. The smaller magnitude of standard deviations of these least square-
fitted values support the tendency of density values to exhibit linear behaviour with 
variation in molal concentration of solute as well as with temperature. The density 
values of all the studied systems have been found to be higher than those of water at 
all temperatures of study as envisaged [243]. These values show a usual decreasing 
trends of variation with an increase in temperature. The density values of 2 M 
aqueous KNO3 solution (l.I150xlO^ kgm"^ at 298.15 K) are higher than those of 2 M 
aqueous KCl solution (1.0877xl0\ kg-m"^  at 298.15 K) at all temperatures of study. 
Soto et al. [237] have reported the similar trend of variation of density value of 
glycine in 1.0m aqueous KNO3 and 1.0m aqueous KCl solutions. 
The ultrasonic velocity values of the L-histidine/ L-glutamic acid/ L-
tryptophan/ glycylglycme + 2 M aqueous KCl / 2M aqueous KNO3 systems have been 
measured experimentally as functions of molal concentration of amino acid / peptide 
and temperature: 298.15, 303.15, 308.15, 313.15, 318.15 and 323.15 K. The measured 
values have been listed in Table 1.4. The plots of ultrasonic velocity versus amino 
acid / peptide molal concentration are shown in Fig. 1.8-1.16. The ultrasonic velocity 
data have been least-squares fitted to the following equations, 
u/m-s"' =uo+uim (1.3) 
u/m-s''=uo'+urT (1.4) 
where UQ, ui, Uo', ui'; m and T are the fitted coefficients, molal concentrafion of 
solution and temperature, respectively. The fitted coefficients alongwith their standard 
deviadons are listed in the Table 1.5 and 1.6, respectively. A close scrudny of the 
Table 1.4 reveals that the ultrasonic velocity values increase with an increase in molal 
concentration of amino acid/ peptide in the 2 M aqueous KCl / 2 M aqueous KNO3 
solution. This behaviour may be attributed to over all increase of cohesion brought 
about by the solute-solute and solute-solvent interactions in solutions. Amino acid and 
peptide molecules in aqueous solution essentially behave as zwitterions having NH3"*^  
and COO~groups at two ends of the molecule. The K ,^ Cr and NO3" ions furnished by 
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TABLE 1.2 Least squares fit coefficients of the density equation, p = Po + p i m a s a 
function of temperature 
T/K 
Po / PlxlO / <7[p]x 10 / 
(g-cm"^) (g-cm"^) /(mol-kg'') (g-cm"^) 
(i) L- histidine in 2 M aqueous KCl solution 
298.15 L0872 4.750 3.21 
303.15 1.0854 4.650 2.56 
308.15 1.0834 4.543 2.33 
313.15 1.0811 4.502 2.49 
318.15 1.0786 4.513 2.62 
323.15 1.0759 4.560 2.68 
(ii) L- histidine in 2 M aqueous KNO3 solution 
298.15 1.1149 4.301 2.49 
303.15 1.1124 4.289 2.37 
308.15 1.1096 4.429 2.57 
313.15 1.1067 4.314 2.62 
318.15 1.1037 4.314 2.73 
323.15 1.1005 4.278 2.86 
(iii) L- glutamic acid in 2 M aqueous KCl solution 
298.15 1.0874 4.211 2.83 
303.15 1.0854 4.520 2.66 
308.15 1.0833 4.674 2.66 
313.15 1.0810 4.712 2.35 
318.15 1.0785 4.790 2.44 
323.15 1.0760 4.635 2.05 
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(vi) L- tryptophan in 2 M aqueous KNO3 solution 
298.15 1.1149 5.145 1.05 
303.15 1.1124 5.044 0.92 
308.15 1.1097 4.999 0.78 
313.15 1.1069 4.721 0.83 
318.15 1.1040 4.565 1.40 
323.15 1.1008 4.459 0.82 
(vii) Glycylglycine in 2 M aqueous KCl solution 
298.15 1.0875 4.641 2.65 
303.15 1.0856 4.516 1.35 
308.15 1.0834 4.383 1.41 
313.15 1.0812 4.320 1.52 
318.15 1.0788 4.266 1.49 
323.15 1.0761 4.329 1.20 
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(viii) Glycylglycine in 2 M aqueous KNO3 solution 
298.15 1.1147 4.807 2.33 
303.15 1.1122 4.862 1.62 
308.15 1.1095 4.954 1.78 
313.15 1.1067 4.991 2.38 
318.15 1.1037 5.092 3.23 
323.15 1.1005 5.193 4.09 
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TABLE 1.3 Least squares fit coefScients of the density equation, p = Po +piTasa 
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(iii) L- glutamic acid in 2 M aqueous KCi solution 
0.0000 1.22599 -4.628 2.79 
0.0092 1.22425 -4.566 2.05 
0.0184 1.22413 -4.554 2.29 
0.0277 1.22346 -4.520 2.79 





















































































































































































TABLE 1.4 Ultrasonic velocity values (u/ m-s"') as functions of amino acid / peptide 
molal concentration and temperature 
mol-kg"' 298.15 303.15 308.15 313.15 318.15 323.15 



































































































































(ii) L- glutamic acid in 2 M aqueous KCI solution 
0.0000 1592.8 1600.4 1608.0 1614.0 1617.2 1622.0 
0.0092 1594.0 1600.8 1608.4 1614.4 1617.8 1622.4 
0.0184 1594.4 1601.2 1608.8 1614.8 1618.4 1623.2 
0.0277 1594.8 1601.6 1609.2 1615.2 1618.8 1624.0 
































































































































































































































































































































• 298.15 K 
• 303.15 K 
A 308.15 K 
• 313.15 K 
• 318.15 K 
< 323.15 K 
0.00 0.03 0.06 0.09 0.12 0.15 0.18 0.21 0.24 
m / mol-kg"' 
Plot of ultrasonic velocity versus molal concentration of L- histidine in 
2 M aqueous KCl solution. 
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0.00 0.03 0.06 0.09 0.12 0.15 0.18 0.21 0.24 
m / molkg"' 
Fig 1.10 Plot of ultrasonic velocity versus molal concentration of L- histidine in 















0.00 0.01 0.02 0.03 0.04 0.05 0.06 
m / molkg"' 
Fig 1.11 Plot of ultrasonic velocity versus molal concentration of L- glutamic 


















0.00 0.01 0.02 0.03 0.04 0.05 0.06 
m / molkg"' 
Fig 1.12 Plot of ultrasonic velocity versus molal concentration of L- glutamic 




















0.000 0.006 0.012 0.018 0.024 0.030 0.036 
m / molkg' 
Fig 1.13 Plot of ultrasonic velocity versus molal concentration of L- tryptophan 
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Plot of ultrasonic velocity versus molal concentration of 
Glycylglycine in 2 M aqueous KNO3 solution. 
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TABLE 1.5 Least squares fit coefficients of the ultrasonic velocity equation, 
u= uo+Uim as a function of temperature 
T/K 
Uo/ U|/ 
(m-s-') (m-s-') / (mol-kg-') (m-s-') 
(i) L- histidine in 2 M aqueous KCI solution 
298.15 1593.37 66.93 0.29 
303.15 1601.27 73.77 0.44 
308.15 1608.66 70.92 0.47 
313.15 1614.81 63.62 0.50 
318.15 1618.84 67.14 0.81 
323.15 1622.70 66.93 0.38 
(ii) L- histidine in 2 M aqueous KNO3 solution 
298.15 1559.72 81.64 0.45 
303.15 1567.50 77.54 0.35 
308.15 1573.92 76.56 0.56 
313.15 1578.89 75.83 0.64 
318.15 1583.20 71.01 0.61 
323.15 1587.26 67.15 0.53 
(iii) L- glutamic acid in 2 M aqueous KCI solution 
298.15 1593.13 60.13 0.23 
303.15 1600.33 47.82 0.13 
308.15 1608.00 43.19 0.01 
313.15 1613.93 47.83 0.13 
318.15 1617.26 58.60 0.11 
323.15 1621.79 81.77 0.12 
40 
(iv) L- glutamic acid in 2 M aqueous KNO3 solution 
298.15 1558.66 91.95 0.15 
303.15 1566.82 96.71 0.16 
308.15 1572.62 106.21 0.32 
313.15 1577.60 120.49 0.14 
318.15 1582.40 114.14 0.27 
323.15 1586.38 86.41 0.24 

























(vi) L- tryptophan in 2 M aqueous KNO3 solution 
298.15 1559.05 158.70 0.18 
303.15 1566.37 141.25 0.42 
308.15 1571.99 155.07 0.40 
313.15 1577.07 131.02 0.33 
318.15 1581.64 134.81 0.25 
323.15 1585.78 127.71 0.41 
(vii) Glycylglycine in 2 M aqueous KCI solution 
298.15 1593.26 78.93 0.59 
303.15 1600.67 77.58 0.82 
308.15 1608.02 66.26 0.36 
313.15 1613.68 72.72 0.38 
318.15 1619.21 69.35 0.98 
323.15 1623.43 61.49 0.73 
41 
(viii) Glycylglycine in 2 M aqueous KNO3 solution 
298.15 1559.49 75.29 0.37 
303.15 1567.03 78.67 0.35 
308.15 1573.45 74.47 0.43 
313.15 1578.48 77.40 0.52 
318.15 1582.84 80.34 0.49 
323.15 1587.56 72.24 0.64 
42 
TABLE 1.6 Least squares fit coefficients of the ultrasonic velocity equation, u = uo' + 




(m-s-') (m-s-') / (mol-kg-') 
a[p] / 
(m-s-') 










































































(iii) L- glutamic acid in 2 M aqueous KCl solution 
0.0000 1249.78 1.156 1.83 
0.0092 1256.38 1.137 1.63 
0.0184 1252.26 1.152 1.53 

























































































































































































KCl and KNO3 in solutions may interact electrostatically with NHs"^  and COO' groups 
of zwitterions. The water dipoles may also strongly aligned to the K^ / CVINO3" ion 
and NH3V COO" zwitterion end groups electroststically. These interactions 
comprehensively introduce the cohesion into solutions under study. These cohesive 
forces may get further enhanced on successive addition of amino acid / peptide 
amount in the solutions. The added amount of amino acid/ peptide zwitterions may 
occupy cavities of water clusters which may lead to the formation of denser structure 
of aqueous electrolyte solutions [54]. Hirata and Arakrawa [261], Magazu et al [262], 
Rohman and Mahiuddin [263], Ragouvamane and Rao [31], and Ernst and 
Manikowski [264] have reported similar increasing trends of variation of ultrasonic 
velocity with an increase in solute concentration of tetraalkylammonium salts-water, 
a,a-trehalose-water, sodimn nitrate / sodium thiosulphate-water, amino acids-
ethanol water system and aqueous solutions of nickel chloride and nickel bromide, 
respectively. The ultrasonic velocity values increase with an increase in temperature. 
The rise in temperature may cause the thermal rupture of ice-like open structure 
forming to close packed structure of water. It seems that the cohesion factor 
dominates over thermal expansion factor in solutions with an increase in temperature. 
The isentropic compressibility, change in isentropic compressibility and 
relative change in isentropic compressibility values of the amino acid / peptide + 2 M 
aqueous KCl / 2 M aqueous KNO3 solutions have been calculated from the ultrasonic 
velocity and density values using the following expressions [265,266], 
1 
P" (1.5) 
AKS= Ko-Ks = A + Bm (1.6) 
Kr=AKs/Ko = A ' + B'm (1.7) 
where KQ and KS are the isentropic compressebilities of solvent and solution, 
respectively. The A and B are the intercept and slope value of AKS versus m plot, 
respectively. Kr represents the relative change in isentropic compressibility values 
whereas A' and B' stand for the intercept and slope values of (AKJ/KO) versus m plot, 
respectively. 
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The Ks values as functions of amino acid / peptide molal concentration and 
temperature have been listed in Table 1.7. The Kg values decrease with an increase in 
molal concentration of solute as well as temperature (Figs 1.17-1.24). The decrease in 
isentropic compressibility values with an increase in molal concentration of L-
histidine, L-glutamic acid, L-tryptophan and glycylglycine in 2 M aqueous solution of 
KCl and 2 M aqueous solution of KNO3 may be due to (i) an increase in number of 
molecules / zwitterions in the solution and (ii) the probable formation of 'zwitterions-
water dipoles' and 'zwitterions-ions' entities in the solution. The decrease in 
isentropic compressibility values with an increase in temperature in all the systems 
xmder investigation may be attributed to the changes occurred in structure of water 
clusters around zwitterions and ions (K*. CI", NOf) in the solution. Water is regarded 
as an equilibrium mixture of two structures such as an ice like structure and a close 
packed structure [267,268]. The compressibility of liquid water is given as Ks = K00+ 
Kreiax/ (1+ 0)^  T^ ) whcrc Koo is an instantaneous part of compressibility and Kreiax is a 
relaxtational part of compressibility [263]. The relaxtational time, x corresponding to 
Kreiax is of the Order of 10'"s. The relation co T <1 assumed to be valid in this study, 
where co is the angular frequency. Thus the isentropic compressibility is considered to 
be equal to the (KOO+ Krdax)- With a rise in temperature, K<» increases due to thennal 
rupture of the ice-like structure of water. Thus, decrease in isentropic compressibility 
values with an increase in temperature may be attributed to the con"esponding 
decrease of KreUx, which is dominant over the corresponding increase of K*. 
The isentropic compressibility values of 2 M aqueous KCl and 2 M aqueous 
KNO3 solutions are lesser than that of water in the temperature range of 298.15 to 
323.15 K. For instance, at 298.15 K the isentropic compressibility values of 2M 
aqueous solution of KCl and 2 M aqueous solution of KNO3 are 36.24 x 10"" and 
36.9 Ix 10"" (m -^N"'), respectively, whereas that of water is 44.773x10"" m -^N"' 
[269]. The smaller values of KJ for the said aqueous electrolytic solutions than that of 
water may be attributed to probable formation of ions-water dipoles and ions-
zwitterions interactions in the solutions, which ultimately may lead to an over all 
increase in cohesive forces in solutions. The value of isentropic compressibility of 2 
M aqueous KCl solution (36.24x10"" m -^N"' at 298.15 K) is lesser than that of 2 M 
aqueous KNO3 solution (36.9x10"" m -^N"' at 298.15 K) at all the temperatures of 
study. This trend may be attributed to the effect of smaller size CI" ion. The CI" ion is 
stronger structure making ion due to its smaller size than that of NO3" ion. The K^  ion 
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TABLE 1.7 Isentropic compressibility values (KSXIO'V m -^N"') as functions of amino 


















































































































































































































































(v) L- tryptoplian in 2 M aqueous KCl solution 
0.0000 36.24 35.96 35.69 35.50 35.44 35.32 
0.0092 36.19 35.90 35.65 35.46 35.31 35.24 
0.0138 36.17 35.87 35.60 35.43 35.28 35.21 
0.0184 36.15 35.81 35.58 35.40 35.26 35.19 
0.0231 36.10 35.77 35.55 35.38 35.22 35.15 
0.0277 36.05 35.72 35.53 35.34 35.18 35.11 
0.0323 36.00 35.67 35.48 35.29 35.15 35.08 
0.0370 35.96 35.64 35.46 35.26 35.11 35.02 
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L- histidine in 2 M aqueous KNO3 solution. 
B 
X 
0.00 0.01 0.02 0.03 0.04 0.05 0.06 
m / molkg"' 
Fig 1.19 Plot of isentropic compressibility versus molal concentration of 
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is common in both the electrolytes. Further, a decreases in KJ value on successive 
addition of amino acid and peptide amoimt in the 2 M aqueous KCl / 2 M aqueous 
KNO3 solution may be due to (i) an increase in the number of incompressible amino 
acid and peptide molecules / zwitterions in the solutions and (ii) an increase in the 
cohesive forces in solution on accoimt of interactions between ions and zwitterions. 
The calculated values of AKS and (AKS /KO) are listed in Tables 1.8 and 1.9 
respectively. The AKS and (AKJ /KQ) exhibit increasing trends of variation with an 
increase in molal concentration of amino acid / peptide in the solutions. However, an 
irregular trend of variation with temperature for AKJ and (AKJ /KQ) have been observed 
in both the solvents i.e. 2 M aqueous KCl and 2 M aqueous KNO3 solutions. Such an 
increase in AKJ and (AKJ /KO) values with an increase in amino acid / peptide / 
zwitterion concentration may be attributed to an overall increase in the cohesive force 
in the solutions. These cohesive forces may be a result of zwitterions-ions and 
zwitterions-water dipoles interactions in the said solutions. In addition, the successive 
increase of amino acid / peptide concentration in the 2 M aqueous KCl / 2 M aqueous 
KNO3 solution enhance the incompressible part of the solution. On other hand, a 
decrease in AKS and (AKS /KQ) values with an increase in temperature may be attributed 
to the thennal rupture of water clusters with temperature. The variations of AKS and 
(AKS/KO) values with variation in amino acid / peptide molal concentration in 2 M 
aqueous KCl and 2 M aqueous KNO3 solutions at temperatures: 298.15 and 313.15 K 
have been plotted in Figs 1.25-1.32 and Figs 1.33-1.40, respectively. It is noteworthy 
that the intercept values for AKJ versus m, and (AKS/KQ) versus m plots are close to 
zero as envisaged in the light of the relevant equation. Such a behaviour lend support 
to the weak solute-solute and solute-solvent interactions in these systems. 
TABLE 1.8 Change in isentropic compressibility values (AKSXIO'V m^ -N'') as 
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(vii) Glycylglycine in 2 M aqueous KCl solution 
0.0184 0.068 0.053 0.069 0.059 0.215 0.165 
0.0369 0.206 0.172 0.152 0.154 0.279 0.229 
0.0554 0.340 0.311 0.283 0.237 0.357 0.324 
0.0740 0.419 0.425 0.334 0.297 0.417 0.384 

















































































TABLE 1.9 Relative change in isentropic compressibility values (AKS/KQ) X 10'^  as 































































































































































































































































































































































0.1114 1.656 1.575 1.348 1.434 1.626 1.449 
0.1302 1.817 1.763 1.603 1.661 1.841 1.607 
0.1491 2.026 1.923 1.788 1.857 2.001 1.863 
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The specific acoustic impedance is another thermodynamic parameter also employed 
to study the various types of interactions in solutions. The Z values have been 
obtained by using the following relation [47,270], 
Z = pu (1.8) 
where p and u are the density and ultrasonic velocity values of the solution, 
respectively. The calculated values of Z are given in the Table 1.10. The Z values 
have been found to increase with an increase in amino acid / peptide concentration the 
solutions as well as increase in temperature. Such trends of variation of Z may be 
ascribed to an overall reduction in the repulsive forces with an increase in amino acid 
/ peptide concentration and temperature. The plots of Z values versus molal 
concentration of solute show a linear behaviour in almost all the systems under 
investigation (Figs 1.41-1.48). The values of density and ultrasound velocity have 
enabled to estimate the magnitude of relative association, RA [271] using the 
following relation, 
RA = A (^)"3 
Po " (1.9) 
The values of relative association thus obtained as functions of amino acid / peptide 
concentration and temperature are listed in Table 1.11. It may be noted that no 
pronounced change has been observed for RA values with variations in molal 
concentration of solute in the solutions and temperature. This may be attributed to the 
presence of essentially weak interactions in solutions. 
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TABLE 1.10 Specific acoustic impedance values (Z xlO'Vkg-m'^s'') as 
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(iii) L- glutamic acid in 2 M aqueous KCI solution 
0.0000 1732.5 1737.5 1742.4 1745.2 1744.6 1745.4 
0.0092 1734.1 1738.3 1743.0 1746.0 1745.6 1746.5 
0.0184 1734.9 1739.1 1743.9 1746.7 1746.7 1747.7 
0.0277 1735.8 1740.1 1745.0 1748.0 1747.8 1749.2 
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TABLE 1.11 Relative association values (RA) as flirictiQns of amino aciiJ /;f)eptide 






























































































































(iii) L- glutamic acid in 2 M aqueous KCI solution 
1.0000 1.0001 1.0001 1.0003 
1.002 1.0002 1.0002 1.0003 
1.0005 1.0006 1.0005 1.0005 
1.0007 1.0008 1.0006 1.0006 
1.0013 1.0014 1.0013 1.0011 





































































































































































(vii) Glycylglycine in 2 M aqueous KCI solution 
0.0184 1.0001 1.0003 1.0002 1.0004 0.9997 1.0000 
0.0369 1.0004 1.0007 1.0008 1.0009 1.0004 1.0007 
0.0554 1.0011 1.0011 1.0011 1.0014 1.0009 1.0011 
0.0740 1.0017 1.0016 1.0019 1.0020 1.0015 1.0017 


















































































Isothermal Compressibilities, Internal Pressures, 
Solubility Parameters and Pseudo-Gruneisen 
Parameters of L-histidine-/L-glutamic acid-/L-
tryptophan-/ Glycylglycine - Aqueous KCI/KNO3 
Systems 
INTRODUCTION 
Isothermal compressibility is a sensitive measure of solute-solvent interactions 
and can be used to monitor solute hydration in aqueous solutions [63,64]. However, it 
is not an easy task to determine isothermal compressibilities directly [64], but through 
ultrasonic velocity, density, and heat capacity at constant pressure measurements, it 
can be determined indirectly [65,66]. McGowan [68], and Pandey and Vyas [67] have 
proposed an indirect method to determine isothermal compressibility value, by using 
ultrasonic velocity and density data. Isothermal compressibility has been widely 
evaluated by many workers [70-77] using several equations of state for pure liquids. 
A careful survey of literature shows that some attempts [60,61,85,272-274] have been 
made to evaluate the isothermal compressibility for binary liquid mixtures. Few 
authors [65,89,275-277] have determined the isothermal compressibility values of 
aqueous solutions of amino acids, peptides and proteins. 
Internal pressure has been found to be an important parameter in the theory of 
liquid state. Internal pressure, a fundamental property of the liquid state has been 
studied initially by Hildebrand et al [278,279] and subsequently by several other 
researchers [96,103,280-284]. The internal pressure is an useful parameter for 
understanding the structure-making and structure-breaking effect of a non-electrolyte 
in a solution [284]. Dunlop et al [285] determined the internal pressure of different 
liquid mixtures and compared it with their cohesive energy density values. Stavely et 
al. [98] predicted interactions in liquid mixtures by comparing the internal pressure 
data to those of pure liquid components. Suryanarayana [282] suggested an indirect 
method to evaluating internal pressure using the viscosity, density and ultrasonic 
velocity data. This approach has been extensively used for studying the internal 
pressure of pure liquids, liquid mixtures, electrolytic and non-electrolytic solutions 
[282,284,285-291]. Pandey et al. [104] extended the method for estimating the 
internal pressure of ternary liquid systems. 
Solubility parameter measures the cohesive energy density of solutions. 
Hildebrand and Scott [278,279] introduced this parameter in the theory of solutions. 
The solubility parameter is the square root of the cohesive energy density and its 
numerical value indicates the solvency behavior of a specific solvent. The solubility 
parameter has been also useful for assessing the compressibilities of various 
81 
substances and it serves as an efficient guide in the selection of proper compounding 
ingredients [122], and solvents for a polymeric substance [123] and a paint [124]. 
Pseudo-gruneisen parameter has been studied by several workers 
[125,127,133,135,136,292-294] for investigating the quasi-crystalline behaviour and 
internal structure of liquids. A number of authors [25,53,127-136,291,292,295] have 
determined the pseudo-gruneisen parameter for aqueous and non-aqueous systems. 
In this chapter, the isothermal compressibilities employing the Mc-Gowan's 
and Pandey's relations, the internal pressures, the solubility parameters and pseudo-
gruneisen parameters of L-histidine/ L-glutamic acid/ L-tryptophan / glycylglycine in 
2 M aqueous KCl / 2 M aqueous KNO3 solution at different temperatures from 298.15 
to 323.15 K, have been evaluated using the experimental values of ultrasonic velocity 
and density. These computed values have been used to study the interactions 
operative in the systems under investigation. 
RESULTS AND DISCUSSION 
The isothermal compressibility values of L- histidine/ L- glutamic acid/ L-
tryptophan/ glycylglycine + 2 M aqueous KCl / 2 M aqueous KNO3 systems have 
been calculated using the experimental density and ultrasonic velocity data. Mc-
Gowan [86] suggested the following relationship between isothennal compressibility 
and surface tension (a), 
KTa^'^=1.33x 10-* (2.1) 
The Auerbach relationship [296] between ultrasonic velocity and surface tension is as 
follows: 
u = (o/6.4x lO^pf^ (2.2) 
By combining the Mc-Gowan [6S] relationship between the isothermal 
compressibility and surface tension (equation 2.1), and that of Auerbach relationship 
[296] between the ultrasonic velocity and surface tension (equation 2.2) the following 
expression is obtained for the computation of experimental isothermal compressibility 
values, 
-4 ..3/2„^3/2 KTI = 1.33 X 10"7 (6.4 x 10"^  u '"p) '" (2.3) 
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On replacing the arbitrary constant in denominator of the above expression (2.1), by 
temperature term, Pandey et al [25,26] suggested another relation for the evaluation of 
isothermal compressibility, 
KT7=17.1xlO-'/r' ' 'u^p'"^ (2.4) 
The computed isothermal compressibility values KJI and KT2 have been listed in Table 
2.1 and 2.2, respectively. The KJI values, plotted as a function of molal concentration 
of amino acid / peptide at all temperatures of study, as shown in (Figs 2.1-2.8) exhibit 
linear trends of variation for all the studied systems. 
A close scrutiny of the Tables 2,1 and 2.2 reveals that the isothermal 
compressibility values decrease with an increase in the molal concentration of amino 
acid / peptide in the 2 M aqueous KCl and 2 M aqueous KNO3 solutions as well as 
with an increase in temperature between 298.15 and 323.15 K. These trends of 
variation of isothermal compressibilities with variation in solute concentration and 
temperature are similar to the variation of isentropic compressibility values with 
successive increase in amino acid and peptide molal concentration and temperature 
for these systems studied in the previous chapter. The KTI values of 2 M aqueous KCl 
and 2 M aqueous KNO3 solutions are 45.18 and 45.70 (10"'^/ m^-N"'), respectively at 
298.15 K. The isothermal compressibility of 2 M aqueous KNO3 is larger than that of 
2M aqueous KCl solution at 298.15 K. On addition of 0.0277m L-histidine, 0.0092m 
L-glutamic acid, 0.0092m L-tryptophan and 0.0184m glycylglycine in 2 M aqueous 
KCl solution at 298.15 K, the KTI values become as 44.96, 45.09, 45.12 and 45.08 
(10''^/ m^-N"'), respectively. Similarly on addition of 0.0270m L-histidine, 0.0090m 
L-glutamic acid, 0.0090m L-tryptophan and 0.0180m glycylglycine in 2M aqueous 
KNO3 solution at 298.15 K, the KH values become as 45.40, 45.64, 45.55 and 45.49 
(10"'V m^-N"'), respectively. The decrease in KTI values with an increase in solute 
concentration seems to be a result of a corresponding decrease in free volume and the 
average kinetic energy of constituents of solutions. A decrease in KJI values with an 
increase in temperature may be attributed to the formation of more incompressible 
hydrated entities in solutions. Millero et at. [58] have reported similar trends of 
variation of isothermal compressibility as functions of solute concentration and 
temperature for aqueous NaCl, Na2S04, MgS04, MgCb solutions. On addition of an 
amount of an electrolyte in solution, more water molecules may electrostricted, 
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TABLE 2.1 Isothermal compressibility values (KTI^IO'^/ m^-N'') as functions of 
amino acid / peptide molal concentration and temperature 
in/ TVK 
mol-kg' 298.15 303.15 308.15 313.15 318.15 323.15 



































































































































(iii) L- glutamic acid in 2 M aqueous KCI solution 
0.0000 45.18 44.82 44.48 44.25 44.20 44.07 
0.0092 45.09 44.78 44.44 44.21 44.15 44.02 
0.0184 45.05 44.75 44.40 44.17 44.10 43.96 
0.0277 45.01 44.70 44.35 44.12 44.05 43.89 

























































































































































































































































































































TABLE 2.2 Isothermal compressibility values (KT2^10'^/ m -^N"') as functions of 






















298.15 303.15 308.15 




















































































































(iii) L- glutamic acid in 2 M aqueous KCI solution 
0.0000 52.10 51.26 50.44 49.75 49.24 48.65 
0.0092 52.01 51.22 50.40 49.70 49.19 48.61 
0.0184 51.98 51.19 50.37 49.68 49.15 48.56 
0.0277 51.95 51.16 50.34 49.65 49.12 48.50 





























































































































































































































































































































• 298.15 K 
• 303.15 K 
A 308.15 K 
0.00 0.03 0.06 0.09 0.12 0.15 0.18 0.21 0.24 
m / mol-kg"' 
Plot of isothermal compressibility versus molal concentration of 







0.00 0.03 0.06 0.09 0.12 0.15 0.18 0.21 0.24 
m / molkg"' 
Plot of isothermal compressibility versus molal concentration of 












m / molkg" 
• 298.15 K 
• 303.15 K 
A 308.15 K 
• 313.15 K 
• 318.15 K 
•^  323.15 K 
0.00 0.01 0.02 0.03 0.04 0.05 0.06 
Plot of isothermal compressibility versus molal concentration of 




















0.00 0.01 0.02 0.03 0.04 0.05 
m / molkg ' 
Plot of isothermal compressibility versus molal concentration of 


















0.000 0.006 0.012 0.018 0.024 0.030 0.036 
m / molkg"* 
Plot of isothermal compressibility versus molal concentration of 



















0.000 0.006 0.012 0.018 0.024 0.030 0.036 
m / molkg"' 
Plot of isothermal compressibility versus molal concentration of 














• 298.15 K 
• 303.15 K 
A 308.15 K 
0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 
m / molkg"' 
Plot of isothermal compressibility versus molal concentration of 











• 298.15 K 
• 303.15 K 
A 308.15 K 
• 313.15 K 
• 318.15 K 
0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 
m / molkg"' 
Plot of isothermal compressibility versus molal concentration of 
Glycylglycine in 2 M aqueous KNO3 solution. 
93 
resulting in the decrease of bulk water amount, causing the decrease in isothermal 
compressibility. A number of workers [297-299] have attributed such type of behavior 
for isothermal compressibility with variation in temperature to the presence of 
structured water aggregations at the given temperature. Thus, a decrease in isothermal 
compressibility values with an increase in temperature in all the systems under 
investigation may be explained in tenns of the changes occurred in structure of water 
clusters around zwitterions and ions (K ,^ CI", NO3") in solutions. 
The internal pressure of all the systems under investigation have been 
computed using the following relation [60], 
Pi= ( T U T / K T O - P (2.5) 
where at is the coefficient of thermal expansion (Appendix: Table Al), T is absolute 
temperature and P is atmospheric pressure, which is neglected considering the 
accuracy of the measurements [86] in the above expression and it may be written as 
follows, 
Pi = (TaT/KTi) (2.6) 
Thermal expansion coefficient values have been computed from the measured values 
of density as a function of temperature, employing the following relation [19], 
aT=-l/p(ap/5T)p (2.7) 
The computed Pi values have been given in the Table 2.3 and the plots of Pj 
versus molal concentration of amino acid / peptide are displayed in Figs 2.9-2.16. The 
computed values of internal pressure exhibit an iiTegular trend of variation with an 
increase in solute concentration. The increase / decrease in Pj values with an increase 
in solute concentration may be due to a corresponding increase / decrease in cohesive 
forces in all the systems under investigation. The Pi values of 2 M aqueous KCl and 2 
M aqueous KNO3 solutions are 2.808 and 3.304 (lOV N-m'^ ), respectively, at 298.15 
K. It has been also observed from data that Pj values of an amino acid / peptide in 2M 
aqueous KNO3 solution is larger than that in 2 M aqueous KCl solution at all the 
temperatures of study. On addition of 0.0277m L-histidine, 0.0092m L- glutamic acid, 
0.0092m L- tryptophan and 0.0184m glycylglycine in 2M aqueous KCl solution at 
298.15 K, the Pi values become as 2.813, 2.775, 2.791 and 2.720 (lOV N-m"^ ), 
respectively. Similarly, on addition of 0.0270m L-histidine, 0.0090m L-glutamic acid, 
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TABLE 2.3 Internal pressure values (Pi xlO'^ / N-m'^ ) as functions of amino acid / 
peptide molal concentration and temperature 
_ _ _ 
mol-kg"' 298.15 303.15 308.15 313.15 318.15 323.15 
































































































































(iii) L-glutamic acid in 2 M aqueous KCl solution 
0.0000 2.808 2.883 2.957 3.029 3.088 3.154 
0.0092 2.775 2.846 2.921 2.990 3.049 3.113 
0.0184 2.770 2.841 2.926 2.985 3.044 3.109 
0.0277 2.751 2.821 2.896 2.965 3.024 3.109 





























































































































































































































































































































0.00 0.03 0.06 0.09 0.12 0.15 
m / molkg ' 
0.18 0.21 0.24 
Plot of internal pressure versus molal concentration of L- histidine in 






















0.00 0.03 0.06 0.09 0.12 0.15 
m / molkg'* 
0.18 0.21 0.24 
Plot of internal pressure versus molal concentration of L- histidine in 

























0.00 0.01 0.02 0.03 0.04 0.05 0.06 
m / molkg'' 
Plot of internal pressure versus molal concentration of L- glutamic 














0.00 0.01 0.03 0.02 0.04 
m / molkg"' 
0.05 
Plot of internal pressure versus molal concentration of L- glutamic acid 





















0.000 0.006 0.012 0.018 0.024 0.030 0.036 
m / mol-kg"' 
Plot of internal pressure versus molal concentration of L- tryptophan in 
















0.000 0.006 0.012 0.018 0.024 0.030 0.036 
m / molkg' 
Plot of internal pressure versus molal concentration of L- tryptophan 














• 298.15 K 
• 303.15 K 
A 308.15 K 
T 313.15K 
• 318.15K 
< 323.15 K 
1 1 1 1 1 1 1 . 1 1 1 1 1 1 1 r-
0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 
m / molkg"' 
Plot of internal pressure versus molal concentration of Glycylglycine 






0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 
m / molkg"' 
Plot of internal pressure versus molal concentration of Glycylglycine 
in 2 M aqueous KNO3 solution. 
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0.0090m L- tryptophan and 0.0180m glycylglycine in 2 M aqueous KNO3 at 298.15 K, 
the Pi values become as 3.352, 3.253, 3.330 and 3.307 (10 /^ N-m"^ ), respectively. 
Leyendekkers [300] has postulated that when an uncharged 'non-interacting' solute is 
introduced into water, the internal pressure increases due to the inert bulk of the 
solute. In addition, because of the 'structuredness' of water, the volume of solute has 
both screening and compressional effects which change the water dipole-water dipole 
interactions. The effect of the ionic charge on the water also causes variation in Pi 
values. The trend of variation of internal pressure values for all the systems under 
investigation have been found to be increasing with an increase in temperature from 
298.15 to 323.15 K, which may be due to corresponding decrease in repulsive forces 
among the constituents of the systems with an increase in temperature. Dack [283] 
studied the structure-making and structure-breaking properties of methanol, dimethyl 
sulphoxide, acetone, t-butyl alcohol, ascorbic acid and sucrose in terms of internal 
pressure data. 
The solubility parameter is the square root of the internal pressure, and is 
defined as [301], 
8 = (Pi)''^  (2.8) 
The evaluated values of solubility parameter have been summarized in Table 2.4. The 
6 values show an irregular trend of variation with an increase in molal concentration 
of amino acid and peptide and an increasing trend of variation with an increase in 
temperature from 298.15 to 323.15 K. The 5 values of 2 M aqueous KCl and 2 M 
aqueous KNO3 solutions are 5.299 and 5.748 ( 10''/(N-m"^ )'^ )^, respectively, at 298.15 
K. On addition of 0.0277m L-histidine, 0.0092m L-glutamic acid, 0.0092m L-
tryptophan and 0.0184m glycylglycine in 2 M aqueous KCl solution at 298.15 K, the 
5 values become as 5.304, 5.268, 5.283 and 5.215 ( 10 /^(N-m"^ )"^ ), respectively. On 
addition of 0.0270m L-histidine, 0.0090m L-glutamic acid, 0.0090m L-tryptophan 
and 0.0180m glycylglycine in 2 M aqueous KNO3 solution at 298.15 K, the 8 values 
become as 5.790, 5.703, 5.771 and 5.750 (10 /^(N-m" )^" )^, respectively. Such 
variation in 5 values may be attributed to a variation in the cohesive energy density of 
the solution on addition of solute. The trends of variation of 8 with an increase in 
solute concentration and temperature are similar to that of trends of variation of 
internal pressure since it is the square root of Pj. 
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TABLE 2.4 Solubility parameter values (8 xio"* /(N-ra" )^" )^ as functions of amino 










































































































































































































































































































































































































































































































The pseudo-gruneisen parameter measures the degree of molecular / ionic 
association in a solution. The following relation is employed for the computation of 
pseudo-gruneisen parameter, 
r = ( Y - l ) / a T T (2.9) 
where y is the specific heat ratio. The values of y have been computed employing the 
following expression, 
y = Cp/Cv = KTi/Ks (2.10) 
where KJ (= 1/ p.u^ ) is the isentropic compressibility. The computed values of y have 
been listed in Table A2 of appendix. The computed values of pseudo-gruneisen 
parameter have been listed in Table 2.5. The pseudo-gruneisen parameter values are 
negative at all molal concentrations of solutions and at all studied temperatures. A 
negative sign is an indication of strong intermolecular interactions and a probable 
formation of intermolecular complex in the solution. The T values for 2M aqueous 
KCl and 2M aqueous KNO3 solutions are -7.881 and -6.623, respectively, at 298.15 
K. On addition of 0.0277m L- histidine, 0.0092 m L-glutamic acid, 0.0092 m L-
tryptophan and 0.0184 m glycylglycine in 2 M aqueous KCl solution at 298.15 K, the 
values become as -7.905, -7.991, -7.941 and -8.155, respectively. On addition of 
0.0270m L-histidine, 0.0090 m L-glutamic acid, 0.0090 m L-tryptophan and 0.0180 m 
glycylglycine in 2 M aqueous KNO3 solution at 298.15 K, the T values become as -
6.589, -6.735, -6.592 and -6.647, respectively. The T values of 2 M aqueous KCl 
solution are smaller than those of 2M aqueous KNO3 solution at all the temperatures 
of study. The f values also exhibit an irregular trend of variation with an increase in 
solute concentration. The decreasing trend of pseudo-gruneisen parameter with an 
increase in temperature may be due to a corresponding increase in the kinetic energy 
of molecules, which in turn, increases the thermal motion of solute molecules and 
disrupts the molecular association. 
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TABLE 2.5 Pseudo-gruneisen parameter values (T) as functions of amino acid / 
peptide molal concentration and temperature 
ml T/K 
mol-kg-' 298.15 303.15 308.15 313.15 318.15 323.15 
































































































































(iii) L- glutamic acid in 2 M aqueous KCI solution 
0.0000 -7.881 -7.737 -7.596 -7.459 -7.325 -7.194 
0.0092 -7.991 -7.844 -7.702 -7.563 -7.427 -7.295 
0.0184 -8.012 -7.866 -7.723 -7.584 -7.448 -7.315 
0.0277 -8.075 -7.928 -7.784 -7.645 -7.507 -7.373 

























































































































































































































































































































Partial Molal Volumes and Partial Molal Isentropic 
Compressibilities of L-histidine-/ L-glutamic acid-/ L-
tryptophan-/ Glycylglycine - Aqueous KCI/KNO3 
Systems 
INTRODUCTION 
The knowledge of water-protein-protein modal compound interactions are 
necessary to understand the role of water solvated to soluble organics in the living 
cells since the most biological macromolecules are physiologically active in aqueous 
medium. The volumetric properties are known to be sensitive to the degree and nature 
of solute solvation [269,302-304]. Since amino acids / peptides are zwitterions in 
aqueous solutions [165-166], their volume and compressibility properties should 
reflect structural interactions with water molecule as in the case of electrolytes [249]. 
Amino acid and peptide molecules on dissolving in aqueous medium cause a decrease 
in the volume of water due to the contraction of water structure near the terminal 
groups of zwitterions and this contraction is termed as elecrostriction [180]. The 
apparent molal volume and the apparent molal isentropic compressibility values are 
known to be sensitive to interactions between solute and solvent, these values have 
been used to obtain the information regarding the structural and interaction 
phenomena associated with solvation process [305,306]. 
The apparent molal volume and apparent molal isentropic compressibility at 
infinite dilution are known as partial molal volume and partial molal isentropic 
compressibility. Partial molal volume is a thermodynamic quantity, which provides an 
important information about solute-solvent interactions in a solution. Moreover, its 
temperature-dependence may be quite useful in characterizing the structural hydration 
effect, as the intrinsic volume of the solute is almost independent of temperature 
[18,89,307]. A number of researchers studied the partial molal volume of amino acids 
and peptides in aqueous medium [18,175188,308-312], in aqueous electrolytic 
systems [7,8,20,22,176,178,185,206-209,211,232,234,235,237,238-241,315-318] as 
well as in organic solvents [7,177,179,204,233,318]. 
Partial molal isentropic compressibility is another thermodynamic parameter 
for investigating the behaviour of solutes in the solution. The partial molal isentropic 
compressibility is a measure of the resistance offered against compression, which the 
solute imparts towards the solvent and thus gives an idea about solute-solvent 
interactions [22,319]. Many researchers have explored the partial molal isentropic 
compressibilities of amino acids / peptides in aqueous medium [47,212,269,320-322], 
aqueous electrolytes [8,22,208,242,317,323-325] and organic solvents 
[47,54,249,310]. Partial molal isentropic is independent of the solute-solute 
interactions. 
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In this chapter, the partial molal volume and partial molal isentropic 
compressibility values of amino acid and dipeptide: L-histidine, L-glutamic acid, L-
tryptophan and glycylgycine in 2 M aqueous KCl and 2 M aqueous KNO3 solutions 
have been evaluated as a function of temperature, in the range of 298.15 to 323.15 K. 
The solute-solvent interactions operative in the said systems have been discussed in 
terms of partial molal volumes and partial molal isentropic compressibilities. 
RESULTS AND DISCUSSION 
The apparent molal volumes of amino acid/ peptide: L-histidine, L-glutamic 
acid, L-tryptophan and glycylglycine in 2M aqueous solution of KCl and 2M aqueous 
solution of KNO3 have been computed from the solution density values using the 
following relation, 
(l)v = (M/p)-{1000(p-po)/mppo} (3.1) 
where, M is the molecular weight of solute, m is molality of the solution, and po and p 
are the density values of solvent and solution, respectively. The computed apparent 
molal volumes of amino acid/ peptide in 2 M aqueous KCl / 2 M aqueous KNO3 
solution as functions of solute concentration and temperature: 298.15, 303.15, 308.15, 
313.15, 318.15 and 323.15 K have been given in the Table 3.1. The apparent molal 
volume values have been fitted by least-squares method to the linear equation, 
(t)v = (t): +Svm (3.2) 
where (|)° is the apparent molal volume at infinite dilution, which is also referred as 
the partial molal volume of the solute. The Sv is the experimental slope which refers to 
the volumetric pair wise interaction coefficient [326, 327]. The plots of (^^ versus m 
have been represented in Figs 3.1-3.8. The (j)" and Sv values have been listed in Table 
3.2. 
The partial molal volume values of the amino acid/ peptide: L-histidine, L-
glutamic acid, L-tryptophan and glycylglycine in 2 M aqueous solution of KCl and 2 
M aqueous solution of KNO3 are higher than the corresponding values in aqueous 
medium at all temperatures of study. The (j) ° values are positive for L-histidine, L-
glutamic acid, L-tryptophan and glycylglycine in 2 M aqiieous solution of KCl and 
I l l 
TABLE 3.1 Apparent molal volume values (<t)v xlO /^ m^-mor') as functions of amino 
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(vii) Glycylglycine in 2 M aqueous KCl solution 
0.0184 103.06 98.59 98.74 94.24 89.72 85.17 
0.0369 91.58 89.39 89.50 87.30 85.08 82.86 
0.0554 83.13 84.75 86.39 86.49 85.05 83.61 
0.0740 82.37 83.60 84.85 84.95 85.06 84.01 




































































































A - 308.15 K 
T-313.15 K 
•-318.15 K 
- 323.15 K 
0.00 0.03 0.06 0.09 0.12 0.15 0.18 0.21 0.24 
m / molkg"' 
Plot of apparent molal volume versus molal concentration of 

















-<-^ 323.15 K 
0.00 0.03 0.06 0.09 0.12 0.15 0.18 0.21 0.24 
m / molkg ' 
Plot of apparent molal volume versus molal concentration of 



















0.01 0.02 0.03 0.04 
m / molkg* 
0.05 0.06 
Plot of apparent molal volume versus molal concentration of 



























0.01 0.02 0.03 
m / mol-kg' 
0.04 0.05 0.06 
Plot of apparent molal volimie versus molal concentration of 

















- • - 3 0 3 . 1 5 K 
- A - 3 0 8 . 1 5 K 
- • - 3 1 3 . 1 5 K 
- • - 3 1 8 . 1 5 K 
^ < 323.15K 
0.012 0.018 0.024 
m / mol-kg"* 
0.030 0.036 
Plot of apparent molal volume versus molal concentration of 




















0.006 0.012 0.018 0.024 0.030 0.036 
m / molkg"' 
Plot of apparent molal volume versus molal concentration of 
















- • - 2 9 8 . 1 5 K 
- • - 3 0 3 . 1 5 K 
-A-308 .15 K 
- • - 3 1 3 . 1 5 K 
- • - 3 1 8 . 1 5 K 
—<-323.15 K 
0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 
m / mol-kg"' 
Plot of apparent molal volume versus molal concentration of 




















0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 
m / molkg'^ 
Plot of apparent molal volume versus molal concentration of 
Glycylglycine in 2 M aqueous KNO3 solution. 
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TABLE 3.2 Least-squares fit coefficients of the equation, v^ = <|)v + Sym at different 
temperatures 
T/K 




a x 10" 
(m^-mol'') 
(i) L- histidine in 2 M aqueous KCl solution 
298.15 119.59 -9.021 4.6 
303.15 115.73 -6.580 3.2 
308.15 114.74 -5.718 3.4 
313.15 114.91 -5.571 3.4 
318.15 116.21 -6.338 4.5 
323.15 115.95 -6.340 4.6 
(ii) L- histidine 2 M in aqueous KNO3 solution 
298.15 108.62 -2.470 2.8 
303.15 109.72 -2.862 2.2 
308.15 110.24 -2.980 2.2 
313.15 113.76 -4.695 2.1 
318.15 114.27 -4.786 2.0 
323.15 115.60 -5.071 1.5 
(iii) L- glutamic acid in 2 M aqueous KCl solution 
298.15 123.82 -41.404 3.3 
303.15 124.05 -47.118 2.6 
308.15 130.68 -63.283 2.2 
313.15 124.01 -50.673 2.5 
318.15 122.61 -48.977 2.5 
323.15 107.20 -15.640 5.2 
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(v) L- tryptophan in 2 M aqueous KCl solution 
298.15 178.02 -97.109 3.6 
303.15 164.07 -50.092 2.1 
308.15 170.26 -62.873 3.5 
313.15 158.35 -23.068 3.4 
318.15 159.55 -28.540 3.2 
323.15 159.96 -37.007 3.9 
(vi) L- ttyptophan 2 M in aqueous KNO3 solution 
298.15 157.11 -434.83 3.5 
303.15 161.67 -560.68 5.7 
308.15 161.67 -550.72 5.7 
313.15 160.57 -457.95 6.1 
318.15 160.95 -460.48 6.2 
323.15 160.85 -384.64 6.1 
(vii) Glycyiglycine in 2 M aqueous KCl solution 
298.15 95.65 -11.378 6.1 
303.15 93.42 -8.333 3.9 
308.15 94.08 -7.455 3.5 
313.15 90.97 -4.726 2.5 
318.15 87.42 -1.624 1.8 
323.15 83.48 0.393 2.2 
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(viii) Glycylglycine 2 M in aqueous KNO3 solution 
298.15 93.72 -10.039 2.3 
303.15 94.62 -11.588 2.9 
308.15 91.04 -9.093 2.7 
313.15 90.97 -9.154 3.2 
318.15 91.12 -9.686 3.8 
323.15 92.53 -11.008 3.6 
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2M aqueous solution of KNO3 at all temperatures of study thereby showing the strong 
solute-solvent interactions. The 0° values for L-histidine, L-glutamic acid, L-
tryptophan and glycylglycine in 2 M aqueous solution of KCl and 2 M aqueous 
solution of KNO3 shows an irregular trend of variation with an increase in 
temperature. At neutral pH, the amino acid and peptide molecules exist as zwitterions 
in solutions [183,238-240,242]. The electrostriction of water molecules occurs near 
the terminal groups of zwitterions, NHa"^  and COO". The presence of KCl and KNO3 
may affect the hydration sphere of charged terminal groups of zwitterions. As a result 
of K*-COO", Cr-NHj"^ and NOa'-NHs"^ interactions, the hydrated zwitterions may 
relax water molecule to the bulk water which in turn, may cause an increase in the 
volume. The increase in (t)° values with an increase in temperature may be attributed 
to the volume expansion of hydrated zwitterions of amino acid/ peptide or reduction 
in electrostriction. An increase in temperature might cause relax of water molecules 
rather than their binding to charged terminal groups. 
The (t)° values of L- histidine in 2 M aqueous KCl and 2 M aqueous KNO3 
solutions at 298.15 K have been found to be 119.59 and 108.62 (cm^-mol"'), 
respectively, while in aqueous medium it has been reported at 298.15 K as 98.81±0.04 
[238] and 98.96±0.05 [239] (cm^-mol"'). It has been reported as 101.84±0.04 [238] 
and 101.80±0.05 [239] (cm -^mo!"') in 2ni aqueous NaCl solution and 98.68±0.06 
[238] (cm''-mor') in 0.15m aqueous DMSO solution. The (j)" value of L- histidine in 
2m aqueous NaCl + 0.15m DMSO solution has been reported [238] as 101.84±0.08 
(cm'^ -mol'') at 298.15 K. The (j)" value of L-histidine in 0.20m aqueous 
tetramethylammonium bromide at 298.15 K has been reported [328] as 107.112 
(cm^-mol''). The (()° values of L- histidine in 2 M aqueous KCl and 2 M aqueous 
KNO3 solutions at 308.15 K have been found to be 114.74 and 110.24 (cm'-mol"'), 
respectively, while in aqueous medium at the same temperature it has been reported as 
[322] 100.35±0.99 (cm^-mol"'). The (j)" values of L-glutamic acid in 2 M aqueous 
KCl and 2 M aqueous KNO3 solutions at 298.15 K have been found to be 123.82 and 
91.85 (cm -mol"'), respectively, whereas the <j)° value in aqueous medium at 298.15 
has been reported as 89.64 [18] and 89.65±0.02 [142] (cm^-mol"'), respectively. It has 
been reported [142] in 1.0m aqueous sodium acetate, 1.0m aqueous sodium 
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propionate and 0.5m aqueous sodium butyrate at 298.15 K, as 94.15±0.02, 
95.24±0.01 and 95.46±0.01 (cra^-mol'') respectively, It has been reported [329] in 
1.0m aqueous lithium acetate dehydrate, 1.0m aqueous magnesium acetate tetra-
hydrate and 1.0m aqueous calcium acetate at 298.15 K as 93.76±0.01, 95.08±0.01 and 
94.57±0.01 (cm -mor ), respectively. The (j)" values of L- tryptophan in 2 M aqueous 
KCl and 2 M aqueous KNO3 solutions at 298.15 K have been found to be 178.02 and 
157.11 (cm^-mol"'), respectively, while (j)" values of D- tryptophan [269], L-
tryptophan [330,331] and DL- tryptophan [332] in aqueous medium at 298.15 K have 
been reported as 143.91, (144.24, 143.38) and 143.8 (cm^-mol''), respectively. The 
(|)° values of L- tryptophan in 2 M aqueous KCl and 2 M aqueous KNO3 solutions at 
303.15 K have been found to be 164.07 and 161.67 (cm^-mol''), respectively whereas 
the ^l value of L-tryptophan in 0.005m aqueous ZnCh at 303.15 K, has been 
reported [333] as 161.59 (cm^-mol"'). 
The (|)° values of glycylglycine in 2 M aqueous KCl and 2 M aqueous KNO3 
solutions at 298.15 K have been found to be 95.65 and 93.72 (cm^-mol"'), 
respectively, while in aqueous medium at 298.15 K it has been reported as 76.28±0.02 
[238] and 76.36±0.02 (cm -^mol"') [239]. It has been reported in 2.0117m aqueous KCl 
solution as 80.54±0.025 (cm -^mol"') [240], and in 2m aqueous NaCl as 80.61±0.05 
(cm -^mol"') [238] and 80.16±0.04 (cm -^mol"') [239]. The (|)" values of glycylglycine 
in 0.15m aqueous DMSO and 2m aqueous NaCl + 0.15m aqueous DMSO, have been 
reported [238] as 76.26±0.02 and 80.60±0.03 (cm^-mol"'), respectively. It has been 
reported in 1.5m aqueous sodium sulphate solution at 298.15 K as 84.38 (cm -mol") 
[242]. The (|)° values of glycylglycine in 2 M aqueous KCl and 2 M aqueous KNO3 
solutions at 308.15 K have been found to be 94.08 and 91.04 (cm^mol"'), 
respectively. The (j)" value of glycylglycine has been reported at 308.15 K in aqueous 
medium as 77.10 (cm^-mol'') [238], whereas it has been reported at 308.15 K in 
2.0117m aqueous KCl solution as 8].34±0.043 (cm -^mol"') [240]. G. Lin et al. [241] 
reported (j)" values of glycylglycine in 0.4797m aqueous NaF, 2.08221m aqueous 
NaCl and 1.9809m aqueous NaBr at 298.15 K as 78.22±0.03, 80.066±0.066 and 
79.94±0.02 (cm^-mol"'), respectively , and at 308.15 K these have been reported as 
78.87±0.04, 81.17±0.03 and 80.62±0.01 (cm^-mor'), respectively. The observed 
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higher <|)° values of amino acid /peptide in 2 M aqueous KCl and 2 M aqueous KNO3 
solutions as compared with their values in water suggest the domination of ion-ion 
interactions than the ion-hydrophobic and hydrophobic-hydrophobic interactions in 2 
M aqueous KCl and 2 M aqueous KNO3 solutions. Banipal et al. [142] have observed 
the higher (j)" values for acidic / basic amino acids, as compared to amino acids with 
non-polar side chain in the presence of cosolutes such as: sodium acetate, sodium 
propionate and sodium butyrate. This behaviour can be attributed to the combined 
effect of the interactions due to (-NH3, -COO") groups of amino acids and the polar 
side chains present in acidic / basic amino acids with solvent. 
The Franks et al [334] showed that the partial molal volume of a non-
electrolyte is a combination of the intrinsic volume, Vint of the non-electrolyte and 
volume, Vs due to interactions with the solvent. The intrinsic volume is considered to 
be made up of two types of volumes, one van der waals volume, Vvwand other void or 
empty volume, Vvoid, 
Vi„t = Vvw + Vvoid (3.3) 
Shahidi et al [335] modified this equation to include the combination of interactions 
of a non-electrolyte solute with the solvent as, 
(t>: =Vvw+Vvoid-nas (3.4) 
where nOs is the shrinkage in volume produced by the interactions of hydrogen-
bonding groups present in solute with water molecules and n is the potential number 
of hydrogen bonding sites in the molecule. For electrolytes and zwitterionic solutes, 
the shrinkage is caused by electrostriction and the (j) ° can be evaluated as, 
<!> V = Vvw + Vvoid -Vshrinkage ( 3 . 5 ) 
The void or empty volume, Vvoid arises due to thermal motion and packing effect, and 
Vshrinkage ariscs from interactions of the solute and the solvent. The Vghnnkagc term will 
also incorporate contributions associated with change in solvent-solvent interactions 
that are consequences of interaction of the solvent with the solute. It is generally 
assumed that Vvw and Vvoid are approximately equal in water and in aqueous solution. 
Hence Vvw and Vvoid are not significantly affected by the presence of KCl and KNO3 
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so that the positive volume of transfer for L-histidine, L-glutaraic acid, L-tryptophan 
and glycylglycine can be rationalized in terms of a decrease in the volume of 
shrinkage. In other words, some water molecules in the vicinity of said amino acid/ 
peptide molecule may be released to the bulk water in the presence of KCI and KNO3. 
This brings about an increase in the volume of solvent, thereby reducing the 
interactions between the amino acid/ peptide molecule and water molecules. At 
infinite dilution, solute-solute interactions vanish, therefore, the (j)" provides an 
information regarding solute-solvent interactions [336]. The information concerning 
solute - solute interactions is given by Sy. The trends of variation of Sy of the amino 
acid / peptide with temperature in both the solvents are irregular. The positive values 
of Sv for the studied amino acid/ peptide in 2 M aqueous KCI and 2 M aqueous KNO3 
solutions at all the temperatures of study indicate the presence of stronger ion-ion and 
zwitterion-zwitterion interactions than those of apolar-apolar interactions, varying 
with the change of temperature, nature of amino acid / peptide molecule and the 
nature of the solvent. The positive partial molal volumes of all the amino acids and 
peptide at the experimental temperatures indicate the presence of strong K'^-COO', 
CI ~ -NH 3 and NH 3 -NO J interactions at infinite dilution. The negative values of Sv 
shows that the operative interactions are week in nature. 
The apparent molal isentropic compressibilities have been calculated using the 
relation, 
(^ = [ { 1 0 0 0 (Ks - Ko)} /mpo] + Ks(|)v ( 3 . 6 ) 
In the above mentioned equation, m is the molality of the solution, po is the density of 
solvent (kg-m'^ ), and KS (= 1/ p-u )^ and KQ (= 1/ p-uo^ ) are the isentropic 
compressibilities of solution and solvent, respectively. The computed values of (t)k of 
the amino acids and peptide in 2 M aqueous KCI and 2 M aqueous KNO3 systems as 
functions of solute concentration and temperature: 298.15, 303.15, 308.15, 313.15, 
318.15 and 323.15 K have been listed in the Table 3.3. The plots of (j)k versus solute 
concentration have been represented in Figs 3.9-3.16. The values of (^ have been 
least-square fitted to the equation. 
(|)k = (|)° +Skm (3.7) 
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TABLE 3.3 Apparent molal isentropic compressibility values {^ xlo'V bar'''m^-mor 
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(v) L- tryptophan in 2 M aqueous KCl solution 
0.0092 1.830 -0.627 1.838 1.182 -7.630 -2.326 
0.0138 1.384 -0.252 -0.232 0.520 -5.353 -1.819 
0.0184 1.429 -1.861 -0.048 0.517 -3.887 -1.566 
0.0231 0.059 -2.333 -0.172 0.542 -3.666 -1.552 
0.0277 -0.916 -2.679 0.158 0.167 -3.337 -1.792 
0.0323 -1.613 -2.926 -0.677 0.664 -3.166 -1.842 
0.0370 -1.616 -2.757 -0.512 0.775 -3.120 -2.399 
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concentration of Glycylglycine in 2 M aqueous KNO3 solution. 
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where 0^ is the apparent molal isentropic compressibility at infinite dilution which is 
also referred as partial molal isentropic compressibility, and is a measure of solute-
solvent interactions in solutions. 
The ^l and Sk values have been listed in Table 3.4. The partial molal 
isentropic compressibilities of L- histidine in 2M aqueous KCl and 2M aqueous 
KNO3 solutions at 298.15 K have been found to be -0.4863x10"" and -2.2567x10"" 
(bar"'-m''-mor'), respectively, while in aqueous medium it has been reported at 298.15 
K as -3.484x10"" [269], -3.25x10"" [320] and -2.96x10"" [233] (bar"'-m^-mor'). The 
if I values of L- histidine in 2 M aqueous KCl and 2M aqueous KNOj solutions at 
308.15 K have been found to be -0.642x10"" and -2.389x10"" (bar"'-m^mor'), 
respectively, while in aqueous medium it has been reported at the same temperature as 
-2.59x10"" [320], -2.68x10"" [233] (bar'^V-mol"'). The ^l values of L-glutamic 
acid in 2 M aqueous KCl and 2 M aqueous KNO3 solutions at 298.15 K have been 
found to be -0.888x10"" and -0.893x10"" (baf'-m^-mol"'), respectively, whereas the 
^l values in aqueous medium at 298.15, have been reported as -3.917x10" [269], -
2.95x10"" [320] and -2.96x10'" (bar"'-m^-mor'). The (|)° values of L-glutamic acid 
in 2 M aqueous KCl and 2 M aqueous KNO3 solutions at 318.15 K have been found to 
be 1.158x10"" and -6.7073x10"" (bar"'-m^-mor'), respectively, while at the same 
temperature the (^ I values of L-glutamic acid monosodium in aqueous medium has 
been reported as [233] -7.00x10"" (bar"'-m^-mor'). The (^l values of L- tryptophan 
in 2 M aqueous KCl and 2 M aqueous KNO3 solutions at 298.15 K have been found to 
be 3.402x10"" and -4.265x10"" (bar''-m^-mol"'), respectively, while <j)° values of L-
tryptophan in aqueous medium have been reported at 298.15 K as -3.064x10"" [330], 
-3.324x10"" [269], -3.05x10"" [320] and -3.449x10"" [331] (bar"'-m^-mol"'). The (j)" 
values of glycylglycine in 2 M aqueous KCl and 2 M aqueous KNO3 solutions at 
298.15 K have been found to be -1.191x10"" and -2.766x10"" (baf'-m^-mol"') 
respectively, while in aqueous medium at 298.15 K it has been reported as -3.69x10"" 
[88], -3.878x10"" [242] and -3.591x10"" (bar"'-m -^moI"') [152]. The (|)° values of 
glycylglycine in 1.5m aqueous sodium sulphate solution at 298.15 K, has been 
reported [242] as -1.279x10"" (bar"'-m^-mor'). 
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TABLE 3.4 Least-squares fit coefficients of the equation, (t)k = <|)k + Skm at different 
temperatures 
T/K 
^l X 10" 
(baf'-m^-mor') 
Sk X 10" 
(bar''-m^-mor^-kg) 
o x 10" 
(bar-'-m^-mor") 
(i) L-histidine in 2 M aqueous KCI solution 
298.15 -0.486 0.875 0.4 
303.15 -1.501 3.536 0.3 
308.15 -0.642 -0.423 0.3 
313.15 -0.780 2.100 0.1 
318.15 -2.429 9.639 0.4 
323.15 -0.912 2.118 0.2 
(11) L- histldlne in 2 M aqueous KNO3 solution 
298.15 -2.257 6.679 0.3 
303.15 -1.625 4.535 0.2 
308.15 -2.389 8.816 0.5 
313.15 -2.314 8.467 0.4 
318.15 -2.064 8.455 0.6 
323.15 -1.252 5.063 0.3 
(ill) L-glutamlc acid in 2 M aqueous KCI solution 
298.15 -0.888 18.740 0.9 
303.15 -2.343 -38.219 0.3 
308.15 2.695 -44.896 0.1 
313.15 2.299 -40.233 0.2 
318.15 1.158 -29.036 0.1 
323.15 0.581 -20.432 0.8 
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(iv) L-glutamic acid in 2 M aqueous KNO3 solution 
298.15 -0.893 -35.272 0.7 
303.15 -2.449 -6.916 0.4 
308.15 -1.353 -37.660 0.7 
313.15 -4.032 8.762 0.6 
318.15 -6.707 67.655 0.8 
323.15 -3.038 17.829 0.5 
(v) L-tryptophan in 2 M aqueous KCI solution 
298.15 3.402 -144.016 0.4 
303.15 0.313 -96.777 0.5 
308.15 1.424 -59.543 0.6 
313.15 1.459 -45.790 0.4 
318.15 -7.588 142.148 0.9 
323.15 -1.811 -3.840 0.4 
(vi) L- tryptophan in 2 M aqueous KNO3 solution 
298.15 -4.265 38.155 0.5 
303.15 2.382 -119.994 0.3 
308.15 4.637 -207.745 1.2 
313.15 3.640 -133.415 1.0 
318.15 1.962 -103.972 0.5 
323.15 4.153 -147.871 0.5 
(vii) Glycylglycine in 2 M aqueous KCI solution 
298.15 -1.191 -6.577 0.9 
303.15 -0.557 -10.256 1.0 
308.15 -0.560 -4.460 0.5 
313.15 -0.087 -8.715 0.3 
318.15 -6.121 37.544 1.2 
323.15 -4.442 26.736 0.8 
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(viii) Glycylglycine in 2 M aqueous KNO3 solution 
298.15 -2.766 8.964 0.6 
303.15 -1.125 -6.027 0.3 
308.15 -2.993 10.644 0.7 
313.15 -3.050 13.249 0.5 
318.15 -3.743 14.268 0.8 
323.15 -3.830 16.508 0.8 
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The ^l values of L-histidine, L-glutamic acid, L-tryptophan and 
glycylglycine in 2 M aqueous of KCl and 2 M aqueous KNO3 solutions are higher 
than those of corresponding values in aqueous medium, whereas for L-histidine, L-
glutamic acid, L-tryptophan and glycylglycine in 2 M aqueous KNO3 solution, the 
^l values are quite close to the corresponding values in aqueous medium. The 
similar trends of variation of ^l have been reported by M. Yasuda et al. for some 
amino acids in 2m aqueous lithium chloride, 2m aqueous sodium chloride and 2m 
aqueous potassium chloride solutions [208] and also reported by Banipal et al for 
some amino acids in IM aqueous sodium chloride and IM aqueous glucose solutions 
[21]. These values apparently indicate a large ordering effect of solute molecules on 2 
M aqueous KCl and 2 M aqueous KNO3 solutions. A simple model can express the 
partial molal isentropic compressibility of the amino acid / peptide molecule as, 
r, =r, (int) + (t)°, (elect) (3.8) 
where (j)^  (int) is the intrinsic partial molal isentropic compressibility of amino acid / 
peptide molecule and ^l (elect) is the electrostriction partial molal isentropic 
compressibility due to hydration of the amino acid / peptide molecule. The (j)^  (int) 
for the said amino acids and peptide can be assumed as almost zero as the value of 
<^l (int) is expected to be very small [269]. Thus, (j)^  may be considered to represent 
^l (elect). The reported values of the said amino acids /peptide in water are negative. 
The negative ^l seems due to the hydration of the charged centers of the amino acid 
/ peptide as the hydrated water appear to be less compressible than that the bulk water. 
The values of Sk for all systems under study are found to be negative, which suggest 
the presence of essentially weak zwitterions-zwitterions interactions in the systems. 
CHAPTER-IV 
Viscometric Studies of L-histidine-/L-glutamic acid-/L-
tryptophan-/ Glycylglycine - Aqueous KCI/KNO3 
Systems 
INTRODUCTION 
Viscosity measurement is useful to study the state of solvation of solute in a 
solution [224]. Viscometric studies have been used to draw important conclusions 
regarding various types of interactions occurring in a solution [229,337,338] and are 
of great help in understanding the nature of action of metal ions with amino acid / 
peptide molecule. A number of authors have measured the viscosities of proteins, 
amino acids and peptides in aqueous [7,10,184,187,188], aqueous electrolytes 
[43,175,177,178,185,208,339], mixed aqueous solutions, [57,190,191,340,341]; and 
pure and mixed organic solvent systems [177,179,180,192-194,151]. The viscosity 
and its derived parameters such as relative viscosity, specific viscosity and intrinsic 
viscosity provide an important information about size and state of solvation of 
molecules in the solution [224]. 
The viscosity data may also be analyzed in the light of Jones-Dole equation [203] in 
order to obtain the viscosity coefficients A and B, which prove to be useful 
coefficients in estimating the interactions operative in the solutions. A number of 
researchers have determined the viscosity B-coefficients of amino acid and peptide 
molecules in aqueous medium [22,176,189,204,212,220,226], aqueous electrolytes 
[189,208,211,214-216,220], and organic solvent systems [179,193,212,217-219]. The 
degree of 'structure' of structural solvents viz., water appreciably affected by addition 
of a solute molecule having or not having a primary solvation sheath. A 'structure 
building' solute lowers the average effective kinetic energy of the solvent molecules, 
which in turn, increases the viscosity of the solution and leads to higher B-coefficient 
values [174]. Solute which disrupt the hydrogen bonded water aggregate structure in 
their vicinity and create a region of lower viscosity, have lower B-coefficient values 
which causes an increase in the kinetic energy [224] while the solute which enforce 
water structure, e.g., by hydrophobic hydration have relatively large B-coefficient 
which decreases as the temperature is increased [225]. Amino acid and peptide 
molecules show both hydrophilic and hydrophobic behavior in interaction with 
solvents [343]. Hydrophobic side chains exert an ordering effect, whereas polar and 
ionic side chains of amino acid and peptide molecule exert a disordering effect on the 
solvent structure [344]. The sign of dB/dT appears to be a more straightforward 
indicator of structure-breaking or -making ability than the sign or size of the B-
coefficient. Features of solute effects on solvent structure ought to be temperature 
dependent. A positive dB/dT indicates a structure-breaking ion or molecule, and a 
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negative sign, a structure making one. In general, the dB/dT is negative for structure-
maker and positive for structure-breaker solutes in solution [201,226]. A literature 
survey shows that viscometric investigations of amino acids and peptides have been 
reported in alkali chlorides [208], KSCN [205,214], NH4CI [211], urea [191], sodium 
butyrate [177], sodium acetate [178,189] tetra-n-alkylammonium bromide [10,315], 
caffeine [345], sodium caproate [201], MgCh [346], NaCe [272], CaCl2 [7], 
magnesium acetate [223], tetramethyl ammonium iodide [347], Cu II nitrate, Ni II 
chloride [235], surfactant [348], methanol [349], D-glucose [350], potassium citrate 
salt solution [340] KCl, KNO3 [339], and NaBr, KCl, KBr, MgCb and Na2S04 
[10,183,351]. 
The investigation in this chapter focuses on the measurements of viscosity 
coefficients of (L-histidine, L-glutamic acid, L-tryptophan, glycylglycine + 2 M 
aqueous KCl / 2 M aqueous KNO3) solutions as functions of amino acid concentration 
and temperature (298.15, 303.15, 308.15, 313.15, 318.15, and 323.15) K. Using the 
viscosity data the parameters, relative viscosity, specific viscosity, B-coefficient and 
its temperature derivative (dB/dT) have been evaluated. The trends of variation of 
experimental and computed parameters with change in molal concentration of solute 
and temperature have been interpreted in terms of zwitterions-ions, zwitterions-water 
dipoles, ions-ions and ions-water dipoles interactions. 
RESULTS AND DISCUSSION 
The experimentally measured viscosity values of L- histidine / L- glutamic 
acid / L- tryptophan / glycylglycine + 2 M aqueous KCl / 2 M aqueous KNO3 
solutions as functions of amino acid / peptide molal concentration and temperature 
have been listed in the Table 4.1. The plots of viscosity values with solute 
concentration are presented in Figs 4.1-4.8. The viscosity values have been least-
squares fitted to the following polynomial, 
7]=?j,+ r],m + 7j,m^ (4.1) 
where //^, ;/,, T]^; and m are the fitted coefficients and molal concentration of 
solutions, respectively. The fitted coefficients of the equation (4.1) have been given in 
the Table 4.2. A perusal of the Table 4.1 reveals that the // values increase with an 
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TABLE 4.1 Viscosity values (T/XIO'*/ N-m -^s) as functions of amino acid / peptide 
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Plot of viscosity versus molal concentration of L- histidine in 2 M 
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Plot of viscosity versus molal concentration of L- tryptophan in 2 M 
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Plot of viscosity versus molal concentration of Glycylglycine in 2 M 
aqueous KNO3 solution. 
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TABLE 4.2 Least-square fit coefficients of the viscosity equation, r]= Tjg+ TJ^m + 









































































































































































































































































increase in molal concentration of amino acids and peptide in all the systems xmder 
investigation. The viscosity values of 2 M aqueous KCl (9.063x10" /^ N-m^s at 298.15 
K) are larger than that of 2 M aqueous KNO3 (8.985x10'^ / N-m -^s at 298.15 K) at 
each temperature of study. Bianchi et al. [352] have reported the similar trend of 
variation of viscosity value of Poly-L- Lysine in 0.88 M aqueous KNO3 and 0.88 M 
aqueous KCl solutions. The viscosity values of amino acid and peptide in 2 M 
aqueous KCl and 2 M aqueous KNO3 solutions decrease with an increase in 
temperature. An increase in temperature may increase the kinetic energy of 
molecules, which in turn, may decrease the ion-ion (K^-CF, K^ -NOs") and 
zwitterion-ion (-COO -^K"^ , -NHs^ - CI" / NO3") interactions. Chen and Tsaih [353] 
reported that the intrinsic viscosity of chitosan in dilute HCl solution decreases 
linearly with an increase in temperature. Pogodina et al [354] reported that the 
intrinsic viscosity of chitosan decreases with increasing temperature [355]. Filar and 
Wirick [356], and Chen and Lin [357] reported the decreasing trend of variation of 
apparent viscosity of chitosan with an increase in solution temperature. An increase in 
temperature of solution results in a rapid decrease in the ratio of radius of gyration 
and average molecular weight resulting in an increase in chain flexibility and 
compactness of the molecules which, in turn, causes a decrease in the intrinsic 
viscosity [358,359]. Noguchi [360] reported that an increase in temperature causes the 
decrease in hydrogen-bonded hydration water of glucose, dextran, etc. The decrease 
in hydrogen-bonded hydration water in turn, results a decrease in specific volume and 
therefore a decrease in intrinsic viscosity. Kharat [361] has reported the similar trend 
of variation of viscosity values of sodium acetate in aqueous medium with an increase 
in temperature. 
The relative viscosity [184,362,363] and specific viscosity [202] values have 
been computed by employing the following relations using the viscosity values of 
solvent and solution. 
11 = ^ (4.2) 
% = ^ ^ (4.3) 
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The computed values of relative and specific viscosity have been listed in Tables 4.3 
and 4.4, respectively. The T]^ values increase with an increase in molal concentration 
of amino acid and peptide in 2 M aqueous KCl as v^ 'ell as in 2 M aqueous KNO3 
solutions but these values do not exhibit regular trends of variation with an increase in 
temperature in the systems under investigation (Figs 4.9-1.6). The increasing trend of 
T]^ with an increase in solute concentration may be ascribed to an increase in the ion-
ion (K^ - C r , K^-NOJ) and zwitterion-ion (-COO'-K^ -NH^-CP / NO3) 
interactions in solutions. 
The viscosity data have been fitted to the Jones-Dole [48] equation, 
7 = ^ = 1 + Am"2 + Bm, (4.4) 
where A and B are the Falkenhagen [364,365] and Jones-Dole [203] coefficients, 
respectively. The coefficients A and B account for the solute-solute interactions and 
structural modifications induced by the solute-solvent interactions [366,367], 
respectively. The values of A and B-coefficients alongwith the standard deviations of 
linear regression have been listed in Table 4.5 and Table 4.6, respectively. The B-
coefficient values of the amino acids and peptides reflect the net structural effects of 
the charged end groups (NH 3, COO") and the hydrophobic (-CH2) groups on the 
solvent. The contribution of CH2 groups in B-coefficient values vary with the number 
of carbon atoms in their alkyl chain at a given teihperature. These two effects can be 
separated by noting the linear relationship [226,366,368] of B-coefficient with the 
number of carbon atoms, iic, 
B = B ( N H ; , COO") + UcB (CH2) 
A close perusal of data listed in Table 4.6 indicates that the B-coefficient values of L-
histidine, L-glutamic acid, L-tryptophan and glycylglycine in 2 M aqueous KCl and 2 
M aqueous KNO3 solutions are positive at all amino acid / peptide concentration as 
well as at all temperatures of study. The viscosity B-coefficients of L-histidine in 2M 
aqueous KCl and 2M aqueous KNO3 solutions have been found to be 0.537 and 0.567 
(dm-mol"'), respectively, at 298.15 K while it has been reported as [369] 0.39 
151 
TABLE 4.3 Relative viscosity values (77^ ) as functions of amino acid / peptide molal 
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(v) L- tryptophan in 2 M aqueous KCI solution 



































































































































































(viii) Glycylglycine in 2 M aqueous KNO3 solution 
0.0180 1.012 1.011 1.006 1.013 1.006 1.012 
0.0360 1.014 1.015 1.014 1.018 1.015 1.017 
0.0541 1.019 1.023 1.022 1.024 1.022 1.024 
0.0722 1.024 1.036 1.030 1.030 1.029 1.030 
0.0904 1.035 1.042 1.035 1.035 1.034 1.037 
0.1087 1.041 1.048 1.043 1.044 1.042 1.043 
0.1270 1.048 1.055 1.054 1.052 1.050 1.050 
0.1454 1.054 1.061 1.060 1.059 1.058 1.058 
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TABLE 4.4 Specific viscosity values {rj^^ xlO )^ as functions of amino acid / peptide 
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(vi) L- tryptophan in 2 M aqueous KNO3 solution 
0.0090 0.389 0.824 0.442 0.583 0.617 0.548 
0.0135 0.490 1.328 0.910 0.992 0.949 0.908 
0.0180 0.857 1.672 1.097 1.196 1.376 1.353 
0.0225 1.113 2.004 1.459 1.487 1.787 1.679 
0.0270 1.491 2.274 1.927 2.173 1.914 2.038 
0.0315 1.870 2.680 2.288 2.742 2.436 2.484 
0.0361 2.270 3.037 2.730 3.515 3.053 2.929 
(vii) Giycylglycine in 2 M aqueous KCI solution 
0.0184 0.386 0.350 0.370 0.503 0.656 0.490 
0.0369 1.103 0.894 1.043 0.949 1.312 1.200 
0.0554 2.050 1.365 2.113 1.927 2.062 2.012 
0.0740 2.836 2.295 3.195 2.186 2.734 3.128 
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Plot of relative viscosity versus molal concentration of Glycylglycine 
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Fig 4.16 Plot of relative viscosity versus molal concentration of Glycylglycine 
in 2 M aqueous KNO3 solution. 
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TABLE 4.5 Viscosity A-coefficient values (molal''^ ^) at different temperatures 
T/K 
298.15 303.15 308.15 313.15 318.15 323.15 
(i) L-histidine in 2 M aqueous KCl solution 
-0.024 -0.029 -0.017 -0.011 -0.014 -0.003 
(ii) L-histidine in 2 M aqueous KNO3 solution 
-0.040 0.022 -0.022 -0.016 0.015 0.007 
(iii) L-glutamic acid in 2 M aqueous KCI solution 
-0.017 -0.023 -0.018 -0.040 -0.045 -0.008 
(iv) L-glutamic acid in 2 M aqueous KNO3 solution 
-0.037 0.030 -0.009 -0.022 0.007 0.015 
(v) L-tryptophan in 2 M aqueous KCI solution 
0.043 -0.055 -0.038 -0.049 0.005 -0.007 
(vi) L-tryptophan in 2 M aqueous KNO3 solution 
-0.051 0.026 -0.044 -0.065 -0.025 -0.036 
(vii) Glycylglycine in 2 M aqueous KCI solution 
-0.034 -0.044 -0.022 -0.025 -0.001 -0.016 
(viii) Glycylglycine in 2 M aqueous KNO3 solution 
0.034 0.024 0.015 0.048 0.001 0.047 
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TABLE 4.6 Viscosity B-coefficient values (dm-raol'') and (dB/dT) values at different 
temperatures 
T/K 
298.15 303.15 308.15 313.15 318.15 323.15 dB/dT 
(i) L- histidine in 2 M aqueous KCl solution 
0.537 0.505 0.480 0.452 0.477 0.438 -0.003 
(ii) L- histidine in 2 M aqueous KNO3 solution 
0.567 0.430 0.508 0.489 0.402 0.417 -0.005 
(iii) L- glutamic acid in 2 M aqueous KCl solution 
0.537 0.526 0.486 0.635 0.648 0.509 0.002 
(iv) L- glutamic acid in 2 M aqueous KNO3 solution 
0.516 0.403 0.517 0.694 0.417 0.428 -0.001 
(v) L- tryptophan in 2 M aqueous KCl solution 
0.443 0.900 0.833 0.916 0.695 0.728 0.005 
(vi) L- tryptophan in 2 M aqueous KNO3 solution 
0.873 0.706 0.975 1.229 0.935 0.995 0.009 
(vii) Glycylglycine in 2 M aqueous KCl solution 
0.507 0.494 0.452 0.436 0.385 0.442 -0.004 
(viii) Glycylglycine in 2 M aqueous KNO3 solution 
0.265 0.368 0.457 0.259 0.391 0.257 -0.001 
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(dm-mol') at 298.15 K in aqueous medium. The value has been reported as 0.552 
(dm-mol'') at 298.15 K in aqueous tetramethylammonium bromide solution [328]. 
The coefficient values of L-histidine have been found to be 0.505, 0.480 and 0.452 
(dm-mol"') in 2M aqueous KCl at 303.15K, 308.15 K and 313.15 K, respectively. The 
values have been found as 0.430, 0.508 and 0.489 (dm mol"') in 2M aqueous KNO3 at 
303.15 K, 308.15 K and 313.15 K, respectively. It has been reported as 0.38, 0.37 and 
0.35 (dm-mol"') [370] at 303.15K, 308.15 K and 313.15 K, respectively in aqueous 
medium. The viscosity B-coefficients of L-glutamic acid in 2M aqueous KCl and 2M 
aqueous KNO3 solutions have been found to be 0.537 and 0.516 (dm-mol'), 
respectively, at 298.15 K while it has been reported as [369] 0.29 (dm-mol"') at 
298.15 K in aqueous medium. It has been found to be 0.526, 0.486 and 0.635 
(dm-mol"') in 2 M aqueous KCl at 303.15 K, 308.15 K and 313.15 K, respectively, 
whereas the values have been found to be 0.403, 0.517 and 0.694 (dm-mol"') in 2M 
aqueous KNO3 at 303.15K, 308.15 K and 313.15 K, respectively. The B-coefficient 
values have been reported as 0.31, 0.32 and 0.33 (dm-mol"') in aqueous medium at the 
said temperatures [370]. 
The viscosity B-coefificients of L-tryptophan in 2 M aqueous KCl and 2 M 
aqueous KNO3 solutions have been found to be 0.443 and 0.873 (dm-mol''), 
respectively, at 298.15 K. The B-coefficient value of L-tryptophan in aqueous 
medium or in a mixed solvent system has not been found in literature for comparison 
of our data. The viscosity B-coefficients of glycylglycine have been found to be 
0.494, 0.452 and 0.436 (dm-mol"') in 2 M aqueous KCl solution at 303.15 K, 308.15 
K and 313.15 K, respectively. The values have been found as 0.368, 0.457 and 0.259 
(dm-mol"') in 2M aqueous KNO3 solution at 303.15 K, 308.15 K and 313.15 K, 
respectively, whereas it has been reported as [226] 0.250, 0.298 and 0.337 (dm-mol"') 
at 303.15 K, 308.15 K and 313.15 K, respectively, in aqueous medium. The positive 
values of B-coefficients of L-histidine, L-glutamic acid, L-tryptophan and 
glycylglycine in 2 M aqueous KCl and 2 M aqueous KNO3 solutions indicate the 
possibility of a strong alignment of zwitterions with ions/ water dipoles. The viscosity 
B-coefficient values of L-histidine, L-glutamic acid, L-tryptophan and glycylglycine 
in 2M aqueous KCl and 2M aqueous KNO3 solutions are higher than the 
corresponding values in pure aqueous medium. The observed higher B-coefficient 
values of L-histidine, L-glutamic acid, L-tryptophan and glycylglycine in 2M aqueous 
KCl and 2M aqueous KNO3 solutions than those in aqueous medium may be 
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attributed to K^-CP, K^-NO" and -COO'-K^ -NHj^-Cl" / NO" interactions 
operative in the solutions. 
The temperature derivative of B-coefficient values (dB/dT) have also been 
calculated and listed in the Table 4.6. The positive B- coefficients alongwith positive 
(dB/dT) values of L-glutamic acid in 2 M aqueous KCl and L- tryptophan in both 2 M 
aqueous KCl and 2 M aqueous KNO3 solutions indicate the structure breaking nature 
of these solute in the solutions. The positive B-coefficients alongwith negative 
(dB/dT) values of L- glutamic acid in 2M aqueous KNO3; and of L- histidine and 
glycylglycme in both 2M aqueous KCl and 2M aqueous KNO3 solutions indicate the 
structure making nature of these solutes in the solutions. The structure breaking 
tendency of the solute may be attributed to the domination of effect of polar part on 
the apolar part of the solutes on solutions. On the other hand, the structure making 
tendency of the solutes may be ascribed to the domination of effect of apolar part on 
the polar part of the solutes on solutions. 
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APPENDIX 
TABLE Al Thermal expansion coefficient values (arXlO''/ K'') as functions of amino 
acid / peptide molai concentration and temperature 
mi TTK 
mol-kg' 298.15 303.15 308.15 313.15 318.15 323.15 



































































































































(iii) L- glutamic acid in 2 M aqueous KCi solution 
0.0000 4.255 4.263 4.271 4.280 4.290 4.301 
0.0092 4.197 4.204 4.231 4.222 4.231 4.241 
0.0184 4.185 4.193 4.201 4.210 4.220 4.230 
0.0277 4.153 4.160 4.168 4.177 4.186 4.196 




























































































































































































































































































































TABLE A2 Specific heat ratio values (y) as functions of amino acid / peptide molal 
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Ultrasonic Velocities and Densities of L-Histidine or L-Glutamic Add or 
L-Tryptophan or Glycylglycine + 2 mol'L"^ Aqueous KCl or KNO3 Solutions 
from (298.15 to 323.15) K 
Riyazuddeen* Tausif Altamasb 
Department of Chemistry, Aligarh Muslim University, Aligarh 202002, U.P., India 
Ulttasonic velocity and density values of L-htstidine or L-glutamic acid or L-tryptophan or glycylglycine + 
2 mol'L"' aqueous KCl or 2 mol*L"' aqueous KNO3 solution have been measured as functions of amino 
acid or cUpeptide concentration and temperature from T = (298.15 to 323.15) K. Using ultrasonic velocity 
and density dau, the thermodynamic parameters isentropic compressibility (K,) and change in isentropic 
compressibility values have been computed. The K, values decrease with an increase in the amino acid/ 
dipeptide concentration as well as with temperature of the systems under investigation. The decrease in K, 
values with an increase in concentration of amino acid/dipeptide in aqueous solutions of KCl and KNO3 has 
been ascribed to an increase in the number of incompressible zwltterions in the solutions. 
'8 Introduction 
b Measurements of ultrasonic velocity and density values of 
2 amino acids and peptides in aqueous electrolytes have been of 
12 interest with a view to improve the comprehension about the 
I , | subility of native proteins and the equilibrium process between 
[ g "folded" versus "unfolded" forms of proteins. As the amino acid 
> ^ and peptide molecules contain functional groups similar to those 
> £ existing in the more complex proteins, they are expected to 
: I mimic some common features of proteins. A number of authors 
i |> have measured the ultrasonic velocity and density values of 
amino acids and small peptides in aqueous electrolytic 
solutions.'"" 
The present study is a continuation of our research program 
on the thermodynamic studies of amino acid—aqueous salt 
solution systems.'*"'* In this study, the ulO'asonic velocity (M) 
and density (p) values of L-histidine or L-glutamic acid or 
L-tryptophan or glycylglycine + 2 mol-L"' aqueous solution 
of KCl or KNO} as functions of amino acid/peptide concentra-
tion and temperature [(298.15,303.15,308.15,313.15,318.15, 
and 323.15) K] have been reportefl. Using the u and p data, the 
isentropic compressibility {K,) and change in isentropic com-
pressibility (Av,) values have been evaluated with a view to 
investigating the zwitterions—ions, zwitterions—water dipoles, 
ions—water dipoles, and ions—ions interactions operative in the 
said systems. 
Material and Methods 
The amino acids and peptide (L-histidine, L-glutamic acid, 
L-tryptophan, and glycylglycine) and the salts [potassium 
chloride and potassium niu-ate of high purity (> 99 %)] used 
in this study were purchased from SRL (India) and E. Merck 
(India), respectively. The amino acids were reciystalyzed twice 
in (ethanol + water) mixtures, dried at 383.15 K, and kept in a 
vacuum desiccator over P2O5 for at least 72 h before use. The 
salts were recrystaliized twice in triply distilled water, dried at 
423.15 K for at least 3 h, and then kept over PjOj in a vacuum 
* To whom cQn«spond«nce should be addreMed. E-mail: izl ®redifihuiilx»m. 
Phone; +91 571 2703515. 
desiccator at room temperature for a minimum of 48 h prior to 
their use. Stock solutions of 2 mol'L~' aqueous KCl and 2 
mol'L'' aqueous KNO3 were prepared in triply distilled water 
and were used as solvents for the preparation of amino acid 
and peptide solutions. The specific electrical conductivity of 
triply distilled water used was less than 18*10"* C'-cm"', 
All the solutions were stored in special airtight bottles to avoid 
the exposure of solutions to air and evaporation. 
An ultrasonic interferometer (Mittal model M-77, India) based 
on the variable-padi principle was used for the measurement of 
the ultrasonic velocity at a frequency of 4 MHz at different 
temperatures using a method described elsewhere.'*'"" An 
average of 10 readings was taken as a final value of the ultrasonic 
velocity. Water from a thermostat was circulated duough a brass 
jacket sunrounding the cell and the quartz crystal. The jacket was 
well insulated, and the temperature of the solution under study was 
maintained to an uncertainty of 0.01 K. The instrument was tested 
with the ultrasonic velocity values of triple-distilled water at 
different temperatures taken from the literature.^ 
The densities of solutions were measured with a pyknometer 
using a method described elsewhere.'*''^'* All mass quantities 
were corrected for buoyancy. The densities of toluene at various 
required temperatures were taken from the literature for calibra-
tion purposes. '^ The thermostatted water bath used for measure-
ments of ultrasonic velocity and the thermostatted paraffin bath 
used for measurements of density were maintained at a desired 
temperature (± 0.01 K) for about 30 min prior to recording of 
readings at each temperature of study. Several very close 
readings of density calculated at each temperature were averaged. 
The uncertainties in measurements of the ultrasonic velocity 
and density values were ascertained by comparing the experi-
mental values with corresponding literature values at different 
temperatures for water. The measured values of the ultrasonic 
velocity of water were found to be (1496.8,1519.9, and 1536.4) 
m's"' at (298.15.308.15, and 318.15) K, respectively, whereas 
the corresponding literature values^ "* are (1496.687, 1519.808, 
and 1536.409) m-s"'. The experimental values of the density 
of water were found to be (0.9971,0.9942,0.9903, and 0.9879) 
g«cm-' at (298.15,308,15,318,15, and 323,15) K, respectively. 
10.I021/je900I99j CCC: $40.75 © XXXX American Chemical Society 
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Table 3. Least Squares Fit Coefficients of tlie Ultrasonic Velocity 



















































L-Histidine in 2 mol-L"' KCl 
1593.37 66.93 
1601.27 73.77 



















































































































whereas the corresponding literature values^^ are (0.997045, 
0.994032, 0.990213, and 0.988036) g-cm-^ The uncertainties 
in the ultrasonic velocity and density and molal concentration 
values have been found to be within 0.2 m-s"', 1.0* 10"" 
g-cm"', and 1.0 •10"'' mol'kg"', respectively. 
Results and Discussion 
The ultrasonic velocity and density values of the L-histidine 
or L-glutamic acid or L-tryptophan or glycylglycine + 2 mol-L"' 
aqueous KCl or 2 mol-L"' aqueous KNO3 systems have been 
measured experimentally as a function of molality of amino 
Table 4, Least-Square Fit Coefficients of the Density 



















































































1.0810 4 712 
1.0785 4.790 
1.0760 4.635 











1.0813 4 471 
1.0787 4.629 
1.0760 5.004 







































































acid/peptide at T= (298.15,303.15, 308.15, 313.15, 318.15, and 
323.15) K. The measured values of u and p have been listed in 
Tables 1 and 2, respectively. The ultrasonic velocity and density 
data have been least-squares fitted to the following equations 
(I) 
(2) 
where a, a, and b, bi are the fitted coefficients. The wo = 1 
mol -kg"', and m is molality of solution. The standard deviation, 
a, is defined as 
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a = (^(x,(observed) - x,(smoothed))^/(iV - m))' 
(3) 
where /n is the number of the coefficients determined by the 
least-squares method. The fitted coefficients along with their 
standard deviations are listed in Tables 3 and 4. Table 1 reveals 
that the ultrasonic velocity values increase with an increase in 
molality of amino acid/peptide in the 2 mol'L'' aqueous KCl 
or KNOj solution. Amino acid an(JL peptide molecules in aqueous 
solution essentially behave as zwitterions having NH3* and 
COO" groups at two ends of the molecule. The K+, CI", and 
NO3" ions furnished by KCl and KNO3 in solutions may interact 
electrostatically with NH3+ and COO" end groups of zwitterions. 
The water dipoles may interact with the ions K ,^ CI" and NO3" 
and zwitterion end groups NH3+ and COO". These interactions 
comprehensively introduce the cohesion into solutions under 
study. These cohesive forces may further have enhanced on 
successive addition of amino acid/peptide amount in solu-
tions.^ ^"^* The ultrasonic velocity values for the studied systems 
increase with an increase in temperature. The rise in temperature 
may cause the thermal rupture of an icelike open structure to 
the close packed structure of water. It seems that the cohesion 
factor dominates over the thermal expansion factor in solutions 
with an increase in temperature.'*'^*'^''''' 
The isentropic compressibility values for the amino acid or 
peptide + 2 mol-L"' aqueous KCl or KNO3 solution have been 
calculated from the ultrasonic velocity and density values using 
the Newton-Laplace relation 
K,= \/P'U' (4) 
The K, values as functions of molality of amino acid or peptide 
and temperature have been listed in Table 5. The K^ values 
decrease with an increase in molality of solute as well as 
temperature. The decrease in isentropic compressibility values 
with an increase in molality of L-histidine, L-glutamic acid, 
L-tryptophan, and glycylglycine in 2 mol*L"' aqueous solutions 
of KCl and KNO3 may be due to (') an increase in the number 
of molecules/zwitterions in solution and (ii) the probable 
formation of "zwitterions—water dipoles" and "zwitterions—ions" 
entities in solution. The decrease in isentropic compressibility 
values with an increase in temperature in all the systems under 
investigation may be attributed to the corresponding decrease 
of the relaxational part of compressibility (Creiax- which is 
dominant over the corresponding increase of instantaneous part 
of compressibility r^^ .^ ''^ " 
The isentropic compressibility values of 2 mol-L ' aqueous 
KCl and 2 mol'L"' aqueous KNO3 solutions are less than that 
of water in the temperature range of T = (298.15 to 323.15) K. 
For instance, at 298.15 K the isentropic compressibility values 
of 2 mol'L"' aqueous solution of KCl and 2 mol-L"' aqueous 
solution of KNO3 are 36.24-10"" m^-N"' and 36.91-10"" 
m^-N"', respectively, whereas that of water is 44.773-10 " 
m^-N"'.^' The smaller values of K^ for the said aqueous 
electrolytic solutions than that of water may be attributed to 
ions—water dipoles and ions—zwitterions interactions in the^ 
solutions, which ultimately may lead to an overall increase in 
cohesive forces in solutions. The value of isentropic compress-
ibility of 2 mol-L"' aqueous KCl solution (36.24-10"" m^-N"' 
at 298.15 K) is less than that of 2 mol-L"' aqueous KNO3 
solution (36.9-10'" m^-N"' at 298.15 K) at all the temperatures 
of study. This trend may be attributed to the effect of smaller 
size of the CI" ion than that of the NO3" ion. The CI" ion is a 
stronger structure making ion than tiiat of tiie NO3" ion. The 
K^ is a common ion in both the electrolytes. Further, a decrease 
in Ks value on a successive increase in amino acid and peptide 
molecules in the 2 mol-L"' aqueous KCl or KNO3 solution 
may be due to (i) an increase in the number of incompressible 
amino acid and peptide molecules/zwitterions in the solutions 
and (ii) an increase in the cohesive forces in solution on account 
of the corresponding increase in attractive forces between ions 
and zwitterions. 
The change in isentropic compressibility (AK, = KO - ^rj 
values for the amino acid or peptide + 2 mol-L"' aqueous KCl 
or KNO3 solution have been calculated. The calculated values 
of A/fj are listed in Table SI of the Supporting Information. 
The trends of variation of Afc^  values with molality of glycylg-
lycine in 2 mol-L"' aqueous KCl at all temperatures of study 
are displayed in Figure 1. The A/Cj values exhibit an increasing 
trend of variation with an increase in molality of amino acid or 
peptide in the solutions. However, an irregular trend of variation 
of AK^ with an increase in temperature has been observed in 
both the solvents, i.e., 2 mol-L"' aqueous KCl and 2 mol-L"' 
aqueous KNO3 solutions. Such an increase in A/Cj values with 
an increase in amino acid/peptide/zwitterions concentration in 
the solutions may be attributed to an overall increase in the 
cohesive force in the solutions. 
4 
0.00 0.02 0.04 0.06 0,08 0.10 0.12 0.14 0.16 
m I molkg"' 
Figure 1. Plot of change in isentropic compressibility, A«:„ against molality 
of glycylglycine in 2 mol 'L"' KCl solution at temperatures; •, 7" = 298.15 
K; •, r = 303.15 K; A, ?•= 308.15 K; T, r = 313.15 K; •,7'= 318.15 
K; and solid left triangle, T = 323.15 K. 
Conclusions 
The ulti-asonic velocity values for L-histidine or L-glutamic 
acid or L-tiyptophan or glycylglycine + 2 mol-L~' aqueous 
KCl or 2 mol-L"' aqueous KNO3 solution increase with an 
increase in molality of solute as well as temperature from 7 = 
(298.15 to 323.15) K. The density values increase with an 
increase in molality of solute and decrease with an increase in 
temperature for the systems under investigation. The isentropic 
compressibilities decrease with an increase in the amino acid/ 
dipeptide concentration as well as temperature. 
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